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structure is viewed along the b axis. This projection
illustrates very clearly that the external shape of a
crystal — in this case the prominence of {I10T} - is a
function of the packing of the molecules in the crystal
lattice.

We are indebted to Professor R. W. Asmussen, Chem-
ical Laboratory B, Technical University of Denmark
for his kind interest and support during the final stages
of this research.
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An empirical set of ‘effective’ ionic radii has been compiled by the use of techniques similar to those
of Goldschmidt. The actual radius values were derived from: (1) 1000 experimental interatomic dis-
tances and (2) an approximately linear relationship between ionic volume and unit cell volume of over
60 isotypic series of oxides and fluorides. These radii take into account electronic spin state and the
coordination of both cations and anions and have been found to reproduce closely the experimental inter~
atomic distances in most oxides and fluorides. The choice of absolute values for anion radii and certain
deviations from additivity are important and must be taken into consideration.

Introduction

The traditional sets of ionic radii of Goldschmidt,
Barth, Lunde & Zachariasen (1926), Pauling (1927),
Zachariasen (1931), and Ahrens (1952) have been used
with considerable success by chemists, physicists, min-
eralogists, and crystallographers alike. Ionic radii have
been important to the crystal chemist because structure
types and cation coordination numbers are determined
principally by cation/anion radius ratios. The ability
to substitute one cation for another in a particular
structure is largely dependent upon matching ionic
radii; thus, good values of ionic radii have been impor-
tant to the chemist synthesizing inorganic compounds.
The crystallographer has found radii helpful in com-
paring experimental interatomic distances with those

* Contribution No. 1454.

A C25B - 8*

calculated for other structures.* These interatomic
distances in turn can help the chemist to infer oxidation
states.

There are, however, several deficiencies in these tradi-
tional sets of radii: (1) they do not reproduce inter-
atomic distances to the accuracy now possible in modern
structural analyses; (2) although several papers (Paul-
ing, 1927; Zachariasen, 1931) present techniques for
calculating the effect of coordination number on inter-
atomic distances, no provision is made for determining

* Goldschmidt’s & Pauling’s radii and correction factors
for coordination number (CN)# VI were included in Volume
11 of Internationale Tabellen zur Bestimmung von Kristall-
strukturen (1935). Interatomic distances in numerous inorganic
compounds were published in Volume III of Inrernational
Tables for X-Ray Crystallography (1962) and in Tables of
Interatomic Distances and Configuration in Molecules and Ions
(1958, 1965).

Corning Incorporated EX2020
[PR2025-00439
U.S. Patent No. 7,851,394



926

values of the radii in other than octahedral coordina-
tion; (3) the effect of variations in electronic spin state
on radii has not been included.

This paper presents an extensive table of empirical
radii that can be used to closely reproduce average
observed cation—anion distances in most oxide and
fluoride crystal structures. These radii, which take into
consideration both anion and cation coordination and
electronic spin state, were derived from over 1000 aver-
age interatomic distances. Certain radii were made con-
sistent with regular plots of effective ionic radii (r) or
volume (r3) vs.(1) unit cell volumes for over 60 isotypic
series of compounds, (2) electron configuration, (3)
coordination number (CN), and/or (4) valence.

Background of ionic radii

Crystal chemists have tried for many years to treat
atoms and ions as hard spheres and to calculate atomic
and ionic radii that would closely reproduce inter-
atomic distances. Approximate additivity of atomic and
ionic radii was noted by the earliest investigators
(Goldschmidt ezal., 1926; Pauling, 1927; Zachariasen,
1931). However, since the additivity of a given set of
radii was not found applicable to all bond types, sepa-
rate tables of radii were derived for ionic, covalent, and
metallic bonding. The history of radii determinations
for ionic compounds, treated in detail by Pauling (1927),
Ahrens (1952), Slater (1964), and Tosi (1964), will be
reviewed here only briefly to point out similarities and
differences in the methods.

The first attempt at such determinations was by
Bragg (1920) who derived a set of atomic radii which
reproduced interatomic distances in both ionic and
metallic crystals to an average deviation of about
0-06 A. Bragg & West (1927) later revised these radii
so as to be more in accord with Wasastjerna’s (1923)
conclusion that r(02-)=1-32 A.* Bragg & West arrived
at a value of (02-)=1-35 A from close-packed oxygen
structures. Goldschmidt ezal. (1926) derived a set of
radii to be used only in ionic crystals. Goldschmidt’s
radii were obtained from average interatomic distances
using Wasastjerna’s radii of r(02)=1-32A and
r(F-)=1-33 A. Because structural data were scarce,
Goldschmidt’s table was necessarily limited. However
he was able to extend the able to cover radii for which
there were no experimental interatomic distances by
interpolation or extrapolation of unit-cell dimensions of
isotypic series e.g. In3*, Y3+, and TI3* from the C rare
earth oxide structure type. If his radii are based on
r(02-)=1-40 A, the value generally used by later in-
vestigators, they agree well with more recent sets of
radii. Goldschmidt was the first to note that radii
varied with coordination number and provided a few
examples of this variation.

* Throughout this paper a Roman numeral at the upper
left of the element will be used to designate CN. Thus, ¥Ba2*
refers to the ten-coordinated barium ion. If no symbol for CN
is present, six coordination is implied.
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Pauling (1927) calculated a set of radii based on an
inverse variation with effective nuclear charge in iso-
electronic series of the alkali ions. The radii of the alkali
ions were determined from interatomic distances in
alkali halides assuming r(0>)=140 A and r(F-)=
1-36 A. Pauling prepared two tables of radii: (1) a uni-
valent set from which radii of ions of any charge could
be calculated and (2) a table of ionic octahedral crystal
radii (ionic radii for multivalent ions). A correction
factor was provided to allow calculation of interatomic
distances in crystals where the CN of the cation differed
from six. However, the coordination of the anion was
neglected. Pauling (1928) noted that additivity in the
alkali halides alone was poor and introduced extra
terms in the expression for interatomic distance to cor-
rect for cation—cation and anion-anion repulsion. With
these corrections, calculated and observed distances
agreed to within about 0-001 A.

Subsequently, Zachariasen (1931) derived a set of
radii from the best available interatomic distances, as-
suming #(K*)=1-33 A and r(Cl-)=1-81 A. He cal-
culated univalent radii using Pauling’s (1927) method
and provided equations with which interatomic distan-~
ces could be calculated if valence and CN of the cation
were known. Zachariasen’s radii differed considerably
from Pauling’s but not from Goldschmidt’s corrected
radii using r(0?-)=1-40 A. Although Zachariasen’s
radii reproduced interatomic distances quite accurately,
they seem to have been used less than some of the other
sets of radii. Ahrens’ or Pauling’s radii were probably
preferred because of the simplicity of extracting radii
directly from a table rather than of calculation from
univalent radii with corrections for valence and CN.
However, even Zachariasen’s table did not allow
direct comparison of cation radii when the cation CN
was different from 6, nor did it differentiate between
high and low spin ions.

The next extensive list of radii was prepared by
Ahrens (1952) who revised Pauling’s radii by the use
of slightly different values for the alkali ions. His meth-
od utilized the regularities found by plotting radii vs.
ionization potentials. The regular curves obtained by
Ahrens were used to estimate the radii of ions for which
no values previously existed. Ahrens’ table was thus
the most complete table for many years and conse-
quently was widely used. However, Ahrens considered
only octahedral radii and made no provision for vari-
ation of radius with electronic spin state.

More recently, two further sets of radii were intro-
duced. Slater (1964) extended the idea of Bragg (1920)
and published a table of atomic radii in which #(VI02-)
=0-60 A, which reproduced interatomic distances in
1200 metallic, covalent, and ionic solids to a deviation
of +0-12 A. These radii have not proved to be particu-
larly useful in oxide and fluoride crystal chemistry.
Fumi & Tosi (1964) derived a set of ionic radii for the
alkali halides based on (1) a correlation between Born
repulsive parameters and the ratio r¢/rq in alkali halides
and (2) the minimum in the LiF and NaCl electron
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density maps. Their most significant conclusion was
that the ratio r¢/rs is much larger than that found in all
the other traditional sets of radii. Fumi & Tosi’s cation
and anion crystal radii are larger and smaller respec-
tively by ~0-2 A than the traditional radii. These radii
will be considered in more detail in the discussion.

The advent of accurate structure analysis by the use of
Guinier d-value data, intensities collected with counter
diffractometers, and least-squares refinements of crys-
tal structures has provided a wealth of new accurate
cell dimensions and interatomic distances. These data
have been used in our derivation of an empirical set
of ‘effective’ ionic radii by anextension of Goldschmidt’s
(1926) method, with the further assumption that the
radii of the anions also vary with CN. This derivation
uses approximately 1000 interatomic distances in ox-
ides and fluorides, assumes r(VI02-)=1-40A and
#(VIF-)=1-33A, and takes into consideration both
coordination number and electronic spin state of first-
row transition metal ions. Low-spin tetrahedrally co-
ordinated ions and high-spin second-row transition-
metal ions are not included because of their infrequent
occurrence. The term ‘effective’ ionic radii is used to
emphasize the fact that these radii are empirical and
include effects of covalence in specific metal-oxygen or
metal-fluorine bonds. We feel these radii more closely
reproduce interatomic distances in solids than the
previous sets of radii and will be more useful to those
who wish to compare radii rather than interatomic dis-
tances.

Methods of determining ‘effective’ ionic radii

Assumptions

It has already been shown that interatomic distances
(and therefore ‘effective’ ionic radii) depend on CN
(Goldschmidt, 1926), electronic spin state (van Santen
& van Wieringen, 1952; Blasse, 1965), covalency (Paul-
ing, 1927), and the presence of strong anion—anion or
cation-cation repulsive forces (Pauling, 1928). Changes
due to CN variation are of the order of 0-0~0-3 A ; those
due to change in magnetic spin state are ~0-1 A. The
changes due to covalency effects are unknown but are
probably reasonably constant for combinations of
cations with anions whose electronegativities are ap-
proximately the same. Repulsive forces cause changes
in the order of 0-0-0-1 A,

In deriving the set of ‘effective’ ionic radii listed in
Table 1{a) the following assumptions were made:

(1) The principle of additivity of both cation and
anion radii to accurately reproduce interatomic dis-
tances is valid if one takes into consideration CN, elec-
tronic spin, covalency, and repulsive forces. (Repulsive
forces are discussed further in another section.)

(2) The effect of covalency in shortening M-X bonds
is comparable in all M-F or M-O bonds (Phillips &
Williams, 1965).

(3) With the exceptions noted in assumption 1, radii
are independent of structure type.
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(4) The radii of both cation and anion vary with co-
ordination number. (The variation in anion radii with
CN is discussed in detail in another section.)

(5) Although individual cation-anion distances
vary in a polyhedron, the average cation-anion
distance over all similar polyhedra in one structure
is constant.

(6) With a constant anion, the volume of the uniy
cells of isostructural series is proportional to the volume
of the cations.

Assumption 5 is not basically different from 6 in that
it says an ion can be deformed in any fashion but the
total volume of the polyhedron will not change.* The
test of assumptions 1-6 is the consistency of radii de-
rived from different structures.

The principle of obtaining radii from relative unit
volumes for a particular structure type was originated
by Grimm & Wolff (1926) and Goldschmidt ezal.
(1926). Goldschmidt estimated the radii of numerous
rare earth ions by comparing cell volumes of rare earth
oxides with those of Sc,0; and Y,O; for which inter-
atomic distances were known. A similar procedure was
used by others to obtain sets of radii applicable to cer-
tain structures: Templeton & Dauben (1954) - rare
earth fluorides, chlorides, oxychlorides, and oxides;
Geller (1957) ~ oxide perovskites; Geller &Mitchell
(1959) - garnets; Roth & Schneider (1960) — rare earth
oxides; Sasvari (1960) — rocksalt, rutile, fluorite, and,
antifluorite compounds; Knox (1961) — fluoride perov-
skites; and Espinosa (1962) — garnets.

Procedure

As a first approximation, anion radii (O?~ and F-)
with CN=III, IV, and VI were determined by sub-
tracting Ahrens’ sixfold radii from interatomic dis-
tances in simple oxide structures: Il - rutile; 1V -
corundum and C rare earth; VI - rocksalt. In a second
step, cation radii for various CN’s were determined.
These radii were in turn used to obtain anion radii with
CN=II, 1], IV, and VIII. The results are listed in
Table 2. The values in parentheses represent anion
radii obtained at a later stage by repeating this proce-
dure with appropriate refined cation radii, e.g. in
quartz r(I102-) = Ray(Si—0O) — r(1VSi*+)=1-607 - 0-26 =
1-347 A. The consistency of these values can be taken as
a measure of their validity.

* The approximate linearity of radii-volume plots has been
shown by Bertaut & Forrat (1957) for 43Bs0,, garnets, by
Whinfrey, Eckart & Tauber (1960), and Brisse & Knop (1968)
for A;B,0; pyrochlores, by Gattow (1963, 1964) for 4;BXs
compounds, by Pannetier & Courtine (1966) for 4B04, by
Giglio (1963) for ABXg, by Sasvari (1960) for AX; and by
Roth & Schneider (1960) for 4,03. Sasvari also corrected cer-
tain radii of Ahrens to comply with this regularity and derived
a set of eight-coordinated radii from the fluorite structures.
Although Giglio, Gattow, and Pannetier & Courtine plotted r vs.
V, we feel that it is more correct to plot r3 vs. V or r vs. A
(cubic). The excellent linearity in simple oxide structures
(rocksalt, rutile, corundum and C rare-earth) supports this
view,
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Table 1(a). Effective ionic radii

ION EC CN° SP A-IR cR *IR? IoON EC CN SP A-IR cR *IR?
AC+3 6P 6 VI 1.18 CS+1 5P & XII 2,02 1,88
AG+1 4010 II .81 .67 CU+1 3010 II .60 46
IVse 1,16 1,02 vl 96
Y 1,26 1,12 tu+2 3D 9 IvSa .76 .62
vl 1.26 1,29 1,15 v .79 .65
vil 1,38 1,24 VI ( .72) .87 <73
VIII 1,44 1,30 DY+3 4F 9 VI 92 1,048 »908 R
AG+2 4D 9 VI .89 vIIl 1,17 1,03 R
AG+3 4D 8 IVS@ .79 .65 ER+3 4F11 VI .89 1,021 .881 R
AL+3 2P 6 1V .53 .39 » VIi 1,14 1,00 R
v .62 Lu8 EU+42 4F 7 VI 1,31 1,17
Vi «51 .670 4530 R= : Vil 1,39 1,25
AM+3 SF 6 VI 1,07 1,15 1,00 R "EU+3 4F & VI 98 1,090 .950 R
AM+4 5F 5 VI ' 92 Vil 1,21 1,07 R
vill 1,09 .95 Fel 2P 6 I1 1,145 1,285
AS+3 45 2 VI ( +58) 1z 1,16 1,30
AS+5 3010 1V L4875 +335 R* Iv 1,17 1,31
, v W46 .64 .50 Vi 1,33 1,19 1,33
AT+7 5010 VI 62 F +7 15 2 VI W08
AU+l 5010 VI 1,37 FE+2 30 6 IV HS 7 .63
AU+3 50 8 IVSQ .84 .70 vl LS .75 .61
B +3 1S 2 III .16 .02 FE+3 30 5 IV HS .63 49 -
v ) .26 W2 = vl LS .69 .55
VI 23 HS 64 .785 645
BA+2 5P 6 VI 1.3% 1,50 1,36 FR+1 6P 6 VI 1,80
V1l 1,53 1,39 GA+3 3010 IV .61 W47
v1I1 1,56 1,42 Vv .69 «55
X 1,61 1,47 vi 62 .760 620
X 1,66 1,52 ? GD+3 4F 7 VI W97 1,078 .938
X1l 1,74 1,60 VIII 1,20 1,06
BE+2 1S 2 III 31 217 GE+2 4S 2 VI ( «73)
Iv W41 27 = GE+4 3010 1V .54 40
VI «35 vI 53 .680 2540
BI+3 6S 2 V 1,13 +99 H+l1S0 I -, 24 -,38
vl { +96) 1,16 1,02 11 -, 04 -,18
VIl 1,25 1,14 R HF+4 4F34 VI .78 .85 i 0
BI+5 S010 VI W74 VIl .97 .83
BK+3 5F 8 VI 1,10 .96 R HG+1 65 1 III 1,11 097
BK+4 5F 7 VIII 1,07 .93 R HG+2 5010 II .83 .69
BR=1 4P 6 VI 1,96 v 1,10 .96
BR+7 3D10 VI .39 vl 1,10 1,16 1,02
C +4% 15 2 111 .06 -,08 vill 1,28 1,14 R
v +15P HO+3 4F10 VI 91 1,034 894 R
vl 016 VIl 1,16 1,02 R
CA+2 3P 6 VI 99 1,14 1,00 1«1 5P 6Vl 2,20
VIl 1,21 1,07 1 4555 2V1 62 1,09 95 ?
VIl 1,26 1,12 = I +7 4010 VI +50
IX 1,32 1,18 IN+3 4010 VI «81 .930 .790 R
X 1,42 1,28 VIII 1,063 .923 R
X11 1,49 1,35 IR+3 50 & VI .87 W73 ?
CD+2 4010 IV .98 » 84 IR+4 SD 5 VI +68 J7 63 R
v 1,01 .87 K +1 3P 6 vi 1,33 1,52 1,38
vl 97 1,09 +95 Vil 1,60 1,46 ?
VIl 1,14 1,00 VIII 1,65 1,51 ?
Vil 1,21 1,07 1X 1,69 1,55 ?
X1 1,45 1,31 1,73 1,59 2
CE+3 65 1 VI 1,07 1,17¢ 1,034 R X1l 1,74 1,60 ?
Vil 1,28 1,14 R LA+3 4D10 VI 1,14 1,204 1,061 R
XII 1,43 1,29 Vil 1.24 1,10
CE+4 SP 6 VI 9 .94 .80 ? VIII 1,32 1,18 R
vili 1,11 97 R IX 1,34 1,20 ?
CFed 60 1 VI 1,09 .95 R X 1,42 1,28
CL-1 3P 6 VI 1,81 X1l 1,46 1,32 ?
CL+5 35 2 11l .26 12 LI+l 1S 2 IV « 73 59
CL+7 2P 6 1V .34 .20 vl '68 .88 o T4
vl 27 LU+3 4F16 VI +85 .988 .848 R
CM+3 SF 7 VI 1,12 .98 R VIII 1,11 .97 R
cm: 5; 6 v:u 1.39 .95 R MG+2 2P 6 IV .63 49
co+2 3D 7 V LS .79 65 R vl .66 .86
HS .72 875 735 R#* VIII 1,030 2330
CO0+3 3D 6 VI hg . .365 «525 R MNe+2 30 5 VI LS .gx .67 E
' TI5 61 HS .80 . 960 820
CR+2 30 &4 VI LS .87 273 E VIII 107 193 E
HS .96 .82 R MN+3 30 4 V .72 .58
CRe3 30 3 VI 63 . 755 +615 R* VI LS . .58 R
CRe% 3D 2 1V .58 N HS ( +66) .79 65 R
VI .69 .55 R MN+4 3D 3 VI { +60)  ,680 540 R
CR¢5 30 1 IV L490 ,350 R MN+6 30 1 Iy L4l .27
VIl T3 W57 MN+7? 3P 6 IV W40 .
CR+6 3P 6 IV 44 .30 vl 46
vl »52 MO+3 4D 3 VI .81 .67
CSel 5P 6 VI 1,67 1,84 1,70 MO+4 4D 2 vI »70 , 790 2650 R
IX 1,92 1,78 MO4+5 40 1§ VI W77 63 E
'Y 1,95 1,81 MO+6 4P & IV .56 42«
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Table 1(a) (cont.)

PREWITT

ION EC CN SP A-IR cR tIR? IoN EC CN SP A-IR CR VIR!
MO+6 4P 6 V .64 «50 S +6 2P & VI +30
vl 062 o T4 60 SB+3 55 2 IVPY .91 W77
Vil .85 o v - .80
N 43 25 2 vl ( »16) Vi1 ( «76)
N +5 15 2 11} ,02 -.12 SB+5 4D10 VI 062 .75 .61
VI 213 SC+3 3P 6 VI .81 .870 »730 R*
NA+l 2P 6 1V .13 99 ? vIIig 1,01 87 R
Y 1,14 1,00 2 SE=2 4P 6 VI 1,98P
vl 97 1,16 1,02 SE+4 4S 2 v1 { +50)
viI 1,27 1,13 2 SE+6 3010 IV L43 .29
Vil 1,30 1,16 ? VI 42
Ix 1,46 1,32 ? SI+4 2P 6 IV L,40 26 %
NBe+2 4D 3 vI .85 W71 ? VI 42 L540 J400 Rx
NB+3 4D 2 VI .84 .70 E SM+3 4F 5 VI 1,00 1,104 964 R
NB+4 4D 1 vI ( «74) .83 .69 R VIII 1,23 1,09 R
NB+5 4P 6 IV L46 32 7 SN+2 55 2 VI 093
vI .69 .78 64 vIIl 1,36 1,22 R
vII ,B0 .66 SNe4 4D10 VI o7 .830 2690 R*
ND+3 4F 3 VI 1.06 1,135 .995 R SR+2 4P 6 VI 1.42 1,30 1,16
vIIz 1,26 1.12 R Vil .35 1,21
X 1,23 1,09 ? vIII 1,39 1,25
NI+2 30 8 VI 169 .840 +700 R* X 1,46 1,32
NI+3 30 7 vI LS .70 .56 R XII 1,58 1,44
HS o 60 E TA+3 50 2 VI .81 .67
NP+2 5F 5 VI 1,24 1,10 TA+4 50 1 VI ,80 .66 R
NP+3 SF 4 VI 1,10 1,18 1,06 R TA+5 SP & VI »68 .78 .64
NP+4 5F 3 vI +95 vII1 .83 269
vilI 1,12 .98 R TB+3 4F 8 VI «93 1,063 +923 R
NP+7 6P 6 VI W71 vIiI 1,18 1,06 R
0 =2 2P 6 II 1,21 1,35 TB+4 4F 7 V1 .81 .90 +76 R
111 1,22 1,36 Vil 1,02 .88
1v 1,24 1,38 TC+4 4D 3 VI .78 64 R
VI 1.40 1,26 1,40 TC+7 4P 6 VI «56
2281 1,28 1,42 TE=2 5P & VI 2.21P
0S+4 5D 4 VI 69 ,770 ,630 R TE+4 55 2 III ,66 .52
P +3 35 2 vl ( J44) 1v
P +5 2P 6 1y .31 17 = vI { +70)
vI +35 TE+6 4010 VI +56
PA+3 5F 2 VI 1,13 THe"* 6P 6 VI 1,02 1,14 1,00
PA+4 6D 1 VI .98 vIII 1,20 1,06
vIII 1,15 1,01 Ix 1,23 1,09
PA+S 6P 6 V1 +89 Ti+2 30 2 vI 1,00 86 E
IX 1,09 +95 Ti+3 30 1 VI ( «,76) .81 .67 R
PB42 6S 2 IVPY 1,08 - TI+k 3P 6 V .67 «53
vl 1,20 1,32 1,18 VI 168 L, 745 4605 R*
VIII 1,45 1,29 TL+l 65 2 VI 1,47 1,64 1,50 R
Ix 1,47 1,33 VIII 1,74 1,60 R
XI 1,53 1,39 XII 1,90 1,76 R
X1 1,63 49 TL+3 SD10 VI 95 1,020 .880 R
PB+4 5010 VI +84 .915 .775 R VIl 14 1,00 R
vIIX 1,08 ,9% R TMe3 4F12 VI .87 1,009 .869 R
PO+l 40 9 II .73 «59 viII 1,13 .99 R
PD+2 4D 8 z¥sa .78 .64 U +3 5F 3 VI 1,20 1,06 R
v { +80) 1,00 .86 U +4 SF 2 vI .97
PD+3 4D 7 VI ,90 T6 2 V1l 1,12 .98
PDe% 4D 6 VI 65 .76 +62 R Vil 1,14 1,00 R=%
PMe3 4F 4 VI 1,06 1,119 2979 R IX 1,19 1,05
PO+4 6S 2 VIII 1,24 1,10 R +5 SF 1 VI .90 76
PO+6 5010 VI 67 VIl 1,10 .96
PR+3 4F 2 VI 1,06 1,153 1,013 R VU +6 6P & II .59 45
viIl 1,28 1,14 R IV .62 48
PRe& 4F 1 VI 92 .92 78 ? Vi .80 .89 o 75
VIII 1,13 .99 vII 1,02 .88
PT+2 50 8 VI { »80) vV #2 30 3 VI ( «88) .93 W79
PT+4 50 6 V1 { «65) W77 63 R vV +3 3D 2 VI ( «7%) .780 »640 R
PU+3 5F § VI 1,08 1,14 1,00 R V 4% 30 1 VI ( «63) .73 +59 R
PU+4 SF 4 VI «93 L4 .80 ? v +5 3P 6 1V 495 ,355 R
Vil 1,10 <96 v .60 H6 =
RA+2 6P 6 VI 1,43 Vi +59 .68 <54
RB+1 4P 6 VI (1.47) 1,63 1,49 W +4 5D 2 VI » 70 . 790 «650 R
Vil 1,70 56 ? W +6 5P 6 1V .55 41 o=
vIIg 1,74 1,60 VI ,62 .72 .58
X1 1,87 1,73 Y +3 4P 6 VI 92 1,032 .,892 R#
RE+4 5D 3 VI ( «72) .77 63 R VIl 1,155 1,015 Rx
RE+S 50 2 VI ,66 .52 ? IX .24 1,10
RE+6 SD 1 VI .66 .52 YB+3 4F13 VI +86 .998 .858 R
RE+7 5P 6 IV .54 40 Vil 1,12 .98 R
vI 56 W71 37 ZN+2 3010 1V o Th 60 =
RH43 4D 6 VI .68 .808 2665 R v ,82 +68
RH+4 4D 5 VI . 755 .615 R '3 o TH .885 +745 R*
RU+3 4D 5 VI .82 .68 ZR+4% 4P 6 VI 79 .86 .72 R
RU+4 4D 4 VI .67 ,760 .620 R Vil .92 .78
S =2 3P 6 VI 1,84P viIz .98 .84
S 44 35 2 VI ( «37)
S 46 2P 6 IV .26 Jd2 %

EC - electron configuration,

CN - coordination number,
1952), CR - crystal radii based on r(VIF-)=1-19 4,

SP - electronic spin,
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A-IR — Ahrens ionic radii (CN = VI) (Ahrens,
‘IR’ — effective ionic radii based on r(VI02-)=1-40 A.
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Table 1(b). References for Table 1(a)*

Ace3 V1

ag+y IT
PREUITTnC To AND RoD,SHANNON, TO BF pUBLISKED. AG FF 02
WYCKOFF Bor CRYSTAL STRUCTURES 1, (1963) AG? O

Ag+1 1vSe
BYSTROM,A, AND {.EVEPS, ACTA CHEM,SCaAND, #¢613119%n) AG? Pa 02
DONOKUE ;J. AND LoHELMHOLZ, J,BM,CHFM, S0C. 66:295(19u4) K A6 T OX
SCATTURINGV, AND P.L,BELLON: J, FLFC?RDCHEH S0C. 1NAR, 819119611 AR
Ag+)
JOST-K.u.n ACTA CRYST. 18,770(1961) (A P 03)%
AGel VI
RODEsH.» Z.ANORG.ALLGEM.CHEM, 267,62(1951) AG SA F&
XIERKEGAARD)P. AND S,HOLMEN;, ARKIV KFMT 23,213[196%) AR ¥0 P 06
WYCKOFF R W Ge s CHTSTAL STRUCTURFS 1, (1963) AG F
ZACHARIASEN)WeH. ¢ 2.XRIST, 591161119!2) AG2 S 06
AGel VII
XIERKEGAARDIP+ AND S, HOLMEN, ARKTV xEM1 23,213(1965) AR Ma P 06
Agel VIII

KROGH=MOEsdJ, ¢ ACTA CRYST,18,77(196%) AG2 BB 013
WELLS+A,Fyr ZoKRIST, 95,74 (1036} Ag €O (N K312 (M 0204

Age2 V1
AGe3 IVSE

SCATTURINsY: AND P.L.BELLON:» J,ELFCTROCHFM.SOC. 10ArA1G(1961) AG+1 AG+3 02
ALe3 1V

BROWN+P,E, AND S.w,BAILEY, ACTA CRYSt, 17-13&1(105&) K AL <13 08

BURNHAI u.c W,y 2,KRIST. 118:127(1963) aL2

EULER+F, AND J,A.BRUCE, ACTA CRYST, 19'n71(1°65) M3 ALR ol>

uACNATscHul.r.. Z.KRIST, 941222(1936) AL AS 0
MOONEY,ReCsL.*» ACTA CRYST. 9,728(195g) AL P 0“
SCHWARZENBACH¢ N, ¢ Z.KRIST, 153,161(1066) AL P

SMITH!J, V. AND S.wW.BAILEY, ACTA CRYST, ]&-801(1963I AL=0
WILLIAMS:PsP, AND H.D.MEGAws ACTA CRyST, 17+882(106%)
LIEBAUsF.s ACTA CRYST. 14,39a(1961) L1 AL S1& o010
MAREZIOsM.s ACTA CRYST, 19:396(1965) LY AL 02

AL+3 V

ALRITES

BERTAUT,F. AND J.MARESCHAL: COMPT,REND, 257/867(1063) Y AL O3

BURNHAM, C,W. AND M,J,BUERGER, Z.KRIST. 115:269(1961)

ALe3 VI

BURNHAM,C.¥.» Z,KRIST. 118)337(196%) AL2 S1 05
CROMERsD.T: €T AL,» ACTA CRYQT, 22,1p2(1967)
CROMER»D«Ts ET AL,» ACTA CRYST, 21,3n3(1966)
EULER'F, AND J,A.BRUCE, ACTA CRYST, 19.9571(1965)
FARRELLE, F ET AL.» AM, WINFRALOGIST 4BeBOG(1963)
GIBBS» JeV.SMITHs AM, MINEPAL0GIST 50,2023(1965)

MY ALS 01>

RE ALD &
Ma3 aL2 ST3 012

AL2 S 05

N2 AL (S Au)2,12 M2 0
€S AL (S 0u)2,12 M2 0

JACK » . ANO Vo GUTMaNN, ACTA CRYST, 4,2u6(1951) AL F3
MAREZIO)M, AND JoP REMETKAS JyCHEM PHYS, 44,3143(1966) LY AL 02
NARAY=-SZABO»ST, V. AND K,SASVARI, 7.KRIST. 99,27{1038) N3 AL F6

NEWNHAM,R,E, AND Y, M, DEHAAN: Z,KPTST, 117:235(1962) AL?> 03
PEDERSENIB+F,¢+ ACTA CHEM,SCAND. 16+421(1562) AL NB Ou4
PRANDL W«» Z,XRIST, 123,81(1966) A2 CA3 (ST ou4)3

SADANAGAIR. ET AL.r ACTA CRYST, 15,65(1962) ALL <1 08
AM+3 V1

SHANNON,R.D. AND C.T.PREWITT, TO RE pURLISHEN. R3 VS V (LA F3)
Amen VI
Amen VIIY

WYCKOFF,R.¥,Gos CRYSTAL STRUCTURES 1,(1963)  aM 02
A543 VI

As+5 IV
FINNEY»Judes AM, MINFRALOGIST 48+1(1a83)
FINNEYeJeder ACTA CRYST, 21+437(1066) Cuz (As
HILMER,W.» ACTA_CRYST. 9.87(1956) (LY AS OM)X
Josr- «He ET AL7e ACTA CRYST, 21,%08(1966) lse 0%.,%/3 H2 O
LIEB, vt ACTA CRYST. 9.Rlll1956) (NA AS
LUKASZE 1CZskss BULL,ACAD,POLON, QCI.SER.SCY-CNfﬂ. 11,3611196%)
MACHATSCHKIrFer Z,KRIST, Ou+222(1036) AL AS
MOONEYsRoCsbl,+ ACTA CRYST, 1,163(194r)  BI AS on
MORIs+H, AND T+ITO, ACTA CRYST. 351(1950) FE3 AS 08,8 H> 0
PLIETHsK., AND G,SANGER, 2Z,KR1ST, 128,91(1987)  ZN2 CU AS2 Oa
POULSEN)S,J, AND C.CALVOr CAN,J,CHENM, M6|°17(1§65)
SCHULZE»6.ERvs 2,PHYSIK CHEw, 24f:215(1934) B
SHANNONR.D, AND C.T.PREWITT, TO BE pUBLYSHEN,

ASeS VI
TBERSrJ,Ave ACTA CRYST. 9,.967(1956) K AS

JOSTiKaHe ET AL,s ACTA CRYST, 21,808(1968) lsz 05.5/3 82 ©
ATe7 VI
Ayel VI
Aye3 1vsSa
EINSTEIN+F.W.B. ET ALer JJCHEM,SOC, 219671678 AU F3
Au+s VI
8 +3 I11
BLOCK+S, AND A,PERLOFFe ACTA CPYST, 19,297(1965) Aa A& AT
IHARAsM, AND J.KROGH-MOEs ACTA CRYST, zg.aazlxqsun €0 A3 07
KROGH=-MOEsus s ACTA CRYST, 13-5!9!1‘65' €S2 B6 010
KROGH=MOEsu.» ACTA CRYST. 15,100(1963) LI2 sn 07
KROGH=MOE »J) ACYA CRYST. 18,77(1965) AG2 BA OI%
XROGH=MOE+Jsy ACTA CRYST. 18,1088(1945) K RS 08
MAREZIO/Ms ET AL., ACTA CRYST, 16,39011963) CA A2 od
MAREZIO,M, ET AL.s ACTA CRYST, 16,97x(1963] K2 AL 07,4 W2

a
ZACHARIASENswsH, ET AL.e ACTA CRYST, 16,1188(136%)

B +3 IV
BLOCK+5, AND A PERLOFF, ACTA CRYST, 19,297(1965)  BA Bu
CLARK»J,Rev AM, MINERALOGIST 49,1%491968)
HOARD#J,Le AND V.ALATRs J AN CHEM,SOC. ST11945(1a%5) Ra R cb
IHARAsM, AND J,KROGH-MOEs» ACTA CRYST, 201132(1966)  CD % 07
KROGH-MQEss» ACTA CHEM,SCAND, 18,2055(1964) SR A3 07

XROGH=MDE » ACTA CRYST. 13,889{196n) CS2 B6 010
KROGHN-MOE+Je» ACTA CRYST, 15,190(1962) LI2 B4 O7
KROGH=MQEsJsr ACTA CRYST. 18,77(196%) A62 A8 OI%
KROGH=MOE+Js» ACTA CRYST, 18,1088(19g5) K AS 0A

MAREZIOM, ET AL.s ALTA CRYST, 16.975(1963) K2 R& 07,8 M2 o
MAREZIO,Ms AND JoP REMEIKAs J,CHEM PNYS, 88+3348(19661 LI =
PANT/A.Ke AND D,¥,JsCRUICKSHANK, ?.Kn1ST, 125,286(1967)
PERLOFF, A, AND S.BLOCK, ACTA CRYSY, 20,274(1966) SR Ba 07
PREWITT,C,T, AND R,D.SHANNON, ACTA CRYST. B242869(1968] A2
REREIKAsJoPy AND MJMAREZIO* J.PHYS.CHEM,SOLIDS 26,2083(1965)
ZACHARIASEN»w.H,» ACTA CRYST, 16,3A0¢1953) H B 02

ZACHARTASEN:Not, ¢ ACTA CRYST, 16+3A5(1963) H 8 02

PR FE2 {AS 04)2 (A H)2
AS 08) (0 H}.3 w2 o

M52 AS2 07

CU3 AS2 08 .
5 o4
u\ VS V {Z10CON)

°
RE2 R O o WY

SR A& 09 (0 N)2 3 K20

02
CA B ST nu-0O M

a3
LT R n2

B 43 VI

Bas2 VI
VWANI/N,Ve AND S.RAMASESHAN, 7.KRIST., 114,200(196N) RA {CL n&)2.3 H? O
MIGHELLA.Dy ET AL.e ACTA CRYST, 20rn19(1966) Ap B2 O4

SCHNERINGeH.Ge ET AL,» 2.ANORG ALLGEM.CHEM,. 30512u1(195o) nA ZN 02
WYCKOFF R WeBey CRYSTAL STRUCTURES 1,(1963)  BA
ZACHARTASENeWaR,+ 2.KRIST, 74,139(19%0)  BA Tr <13 o9
BA+2 VII
HILMERyWse ACTA CRYST. 15,1101(1962) BA GE 03
SCHNERINGeHoGor Z,ANORG,ALLGEM,CHEM: 3140154(1962)  BA CD 02

WYCKOFF¢ReWeGer CRYSTAL STRUCTURES 3,(1965)  BA3 NI O4
Ba+2 VIII

BLANOs J, Aae ACTA CRYST, 14:875(1961) RA2 Tr ou
HILMER+W.¢ ACTA CRYST, 15,1101(1962) BA GE 03
LANDER'J-J-I lCT CRYST, 4»148(1951) 8A NI 02

ND Z,KRIST, 119+357(1964) BA (O M)Z & H2O0
NAﬁDELLXlM- AND li FAYR» ACTA CRYST, 15|h77|l962) BA 52 03,
RAO!R4V,GoS. ET AL.r Z,KRIST, 110)231(1958) CU BA2 (C 0 O n)s 4 H2 0
WYCKOFF R M.6e¢ CRYSTAL STRUCTURES 1,(1963} BA F2

BA+2 IX

BLOCKeS, AND A.PERLOFF» ACTA CRYST., 19,297(1955) BA B& 07

COLBY M, ¥, AND L.J.B.LACOSTE, Z,KRIST 90:1(1935) BA C O3

FOSS5+10, AND O.TJUOMSLAND: ACTA CHEM,SCAND. 10,288(1956) 84 S (52 03)2,2 H2 0
FOSS10, AND OsTJOMSLANDs ACTA CHEM,SCAND. 12,52(1958) Ra TF (52 03)2.2 H2 0
MIGHELL#A.O. ET AL.r ACTA CRYST, 20/819(19661 RA R2 D8

BA+2 X

BLOCK,S, ANO A.PERLOFFs ACTA CRYST, 19,297(1965) HA BR 07
BURLEY+Gu+ JJRAES.NATL.BUR,STD, 60:123(1958) 8A W P 08

NEWNHAMsR.E. AND H.D.MEGAW» ACTA CRYST. 13+303(1960) BA AL? ST12 08
ROBBINS:Co ET ALsr JoRESNATL,BUR,STDs 70A¢385(1966) BA 6E& 09
TENPLETON¢D,He AND CoH.DAUBEN: J,CHEM:PHYS, 32¢1515(1960) RA TIa 09
ZACHARTASENeWeH. o ACTA CRYST, 1,263(1948) AA3 (P 0832

BA+2 X!

EVANS: HeTeedRoe ACTA CRYST. &,377(1951) BA TI
HOARD#J,Le AND W, VINCENT: J,AM,CHEM,SOC, 62:!126(19“0)
SAHL K.y BEITR,MINERAL.PETROG, 9,111(1963} AA
SCHNERING+H Gor Z. ANORGsALLGEM,CHEM, 35!;1!(1967!
SHIRANE:Gs ET AL.e PHYS,REV, 103,856t1957) 8A Tr 03
ZACHARIASENeM.H.» ACTA CRYST, 1,263(1948) AA3 (P 08)2

BA SI F6:BA 6E F6
BA2 M Fg

BE+2 IIl
HARRIS)L+As AND H.L.YAKEL:» ACTA CRYST, 22135404967} Y2 BE o4
BE+2

1y
BEEVERS,C.A, AND H.LIPSON, 2.KRIST. 82,297(1932) BE S Na.& H2 O

BURNS)J,H, AND E.K.GORDON» ACTA CRYST. 20,135(1966) LI? BE F4
FARRELL,EsF¢ ET AL.e AM, MINERALOGIST 48:804(1963) AE AL2 o4
GOLOVASTIKOVeN.Is¢ SOVIET PHYS,~CRYSY, 60733(1962) NA RE P 04

HARRISI)LoAe AND H,L.YAKEL» ACTA CRYST,20,295(1966) CA12 BE17 029

A PPLEMANs 2.KRIST, 117,16(1962) AL RE ST O4 O H
SEARSIO.Re AND JoHeBURNSe J,CHEM.PHYS, 4113478(1964) L6 BE Fo ZR F8
SMITH/D.K. ET AL,» JL,ELECTROCHEM.SOC, 111,}8(1964) BRE 0
ZACHARTASENsWoH, ET AL.» ACTA CRYST, 16,11048(1963) RE2 B 03 (0 H)

BE+2 VI

BI+3 V
ABRAHAMS»S+Cy ET AL.+ JLCHEM,PHYS, 47:8038(1967)
AURIVILLIUS:B. ACTA CHEM,SCAND, 18+2375(1968)

BI12 GE 02D
AI2 02 S 04,H2 O

8143 VI

AURIVILLIUSIBor ACTA CHEM.SCAND, 1842375(1964) BI2 02 S 04,H2 0O
AURIVILLIUS:B. AND I,JONSSON» ARKIV KEMI 19¢271(1962) BRI O H CR 04
AURIVILLIUS/B. ET AL.s ACTA CHEM,SCAND, 18:1555(1965)  RI2 GE 0S
SEGALID,J. ET AL.s 2.XRIST, 123,73(1966) BI3 SI3 012

3
ZE"ANN»J.' HETDELBERGER BEITR.MINERAL.PETROG.MITT, 5,139(19%56) BI2 M0 06

B1+3 VIII
AURIVILLIUS¢Bse ARKIY KEMI 3,153(1951) 8l s8 ou
MOONEYsRsCeLor ACTA CRYST, 1,163(1948) BI AS 0%

MOONEY=SLATER*R.Calor Z.KRIST. 117,371(1962) 8T P

QURASHE ;M. M, AND WoH.BARNESs AM MINERALOGIST 13135911953) 8l v o4
SHANNONsR.D. AND C.T.PREWITT, 7O BE PUBLISHED. R3 VS Vv (ZIRCON)
TOMASHPOL*SKIE¢Y. ET AL.+ SOVIET PHYS,=CRYST, 9,715(1965) Al FE 03

BI+S VI

BK+3 V1

PETERSONsJ:R, AND B.B.CUNNINGHAM: INORG,NUCL.CHEM,LETTERS 3,327(1967) aK2 o3
BK+4 VIIT

PETERSONsJiR: AND B.8.CUNNINGHAM:, TNORG,NUCL,CHEM,LETTERS 3,327(1967) RK 02

BR-3 VI
BR+7 VI

C 4

CHESS!H.N.I'- " HAMILTON: AND B,POSTs ACTA CRYST, 18:683(1965) CA C O3
C +3 1V
€ +q VI

Cae2 VI
BUERGERsMover Z.KRIST: 108¢248(1956) CAZ NA H SI3 09
CLARK/JoRe ET ALs» ACTA CRYST, 15,207(1962) CA B3 05 0 W
CRUTCKSHANK+D,W.J.» ACTA CRYST, 17.685(1964) CA2 St o4
GARDeJeAe AND H.F.W,TAYLORe ACTA CRYST, 13,785(1960) CA& (SI3 0?) (0 W2
HARRISsLoAe AND H,L:YAKEL: ACTA CRYST, 200295(1966) CA12 8E17 O
ITOeYs ET ALo¢ ACTA CRYST, 5,209(19%2) K2 CAe BEG AL2 SI28 060.N2 °
RIETVELDeHsMy 0 ACTA CRYST, 200508(1966) CA3 U 06
SMITReD,Ke ET AL.s ACTA CRYST, 18,767(1965) CA2 SI 04
STEINFINK+H, AND FuJ,SANSe AMJMINERALOGIST 44,679(1959) CA MG (C 03)2
TAKEUCHI+Y+ AND G,DONNAYs ACTA CRYST, 12,465(1959) CA AL2 ST2 08
WYCKOFFsRoWe6sr CRYSTAL STRUCTURES 1,(1963) CA O
WYCKOFFsRoWeGos» CRYSTAL STRUCTURES 1,(1963) CS CA F3
NYCKOFFoRoWGs+ CRYSTAL STRUCTURES 1,(1963) RB CA F3

Cae2 vII
BAKAKINSV, V. AND N.V,BELOVs DOKL,AKAD.NAUK SSSR 135:587(1960)

CA BE2 (P 04)2
2 0

CHRIST ET AL.s ACTA CRYST, 11.751(1958) CA BY 08 (0 HI3.H
MEGAWIH, Do ACYA CRYST, 5:477(1952) CA3 (SI1 03 0 HI2.,2 H2 O
POSNER S. ET AL.» ACTA CRYST, 11,308(19%8) CALT (P 0R}6 F2
PRANDLsW.+ Z,KRIST, 123:81(1966) AL2 CA3 (ST

08)3
o7 M,N,ZNAMENSKAYAs SOV,PHYS,=~CRYST, 5)650(1961) CA2 FE 1P 08)2.,H2 0
ET AL.s ACTA CRYST, 210317(1966) CAS V10 028.17 H2
WEBBsN.Cy» ACTA CRYST. 21,942(1966) ca2
ZACHARIASENsWeH, s Z.KRIST, 73.7(1930)

cA 7! S! o5

Ca+2 VIII
BERTAUT,E,F, AND P.BLUM: ACTA CRYST. 9,1211(1956)
BURBANKsR,D.» ACTA CRYST, 18,88(1965) CA W Ou
CLARK»J,R, AND C.L.CHRISYs, Z,KRIST, 112,213(1968) CA B3 03,(0 HI5,2 H2 O
CAUICKSHANK»D+W,uy s ACTA CRYST, 17,685(1968) CA2 ST 03
DECKERsB.F« AND J,S.KASPERs ACTA CRYST, 10:332(1957) CA FE2 O&

CA TIZ2 Ob
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HARRIS+L.4. AND H,L.YAKEL) ACTA CRYST. 2002‘15(1966) Ccat2 B8F17 029
HILLsP.M, ET AL,» ACTA CRYST, 9,981(1956) CA F o4
HOHNE+E,» SOVIET PHYS. -CR\'ST. 7¢559(1963)
JAHNBERG/L+» ACTA CHEM.SCAND, 17,2548(1963)
MAREZ10)M, ET AL.y ACTA CRYST. 16,390(1963) ck B2 ou

MUL LER-BUSCHBAUMIH. ¢ H.G.SCHNERINGs 7+ANORGsALLGFMCHEM, 336,295{196%) Cl SC2 o4
PAVLOV:»P,V. AND N,V.BELOVe SOVIET PHYS.=-CRYST, 4+300(1960) CA BRE P OM
PEACOR)D.R: AND M,J.BUERGER, Z.KRIST, 117»331(1962) CA MN 512 06

PRANDLI W, l.KRISY. 123.811(1966) ALZ CA3 [ST 0W)3
WEBBIN,C.s ACTA CRYST. 21,942{1966) CA? P2 07
WILHELM[ /K. AND O,JONSSONs ACTA CHFM,SCAND. 19,177t1965)
WYCKOFF 4R W.Gsr CRYSTAL STRUCTURES 1,(1963} €A F2
ZALKIN)Ae AND O.H,TEMPLETON: J.CHEM,PHYS, 40,50111964)

CAS 0 H (CR 04)3

A w 0u

CA+2 Ix
JOHANSSON1G. ¢ ACTA CRYST. 12,522(1959) CA R2 S12 08
POSNER¢A.Se ET AL.» ACTA CRYST, 11,3N8(1958) CAIO0 (P 0416 F2

RODIvF. ANO D.BABELe Z.ANORG,ALLGEM, CHEM. 336,17(1965) CA IR 03
Cas2
MAREZ!O:". ET AL+» TO BE PUBLISHED CA A2 Ou4
Cas2 XI1
MAREZIO/M, ET AL., TO BE PUBLISHEN CA A2 Ou
Coe2 Iv
€O § o4

KOKKOROS+P.A, AND P,J,RENTZEPERIS: Z KRIST. 119,234(1363)
SCHNERING+HeGes Z,ANORG,ALLGEM,CHEM, 314,144(1962) aa £n 02

Cos2 v
CALVQ+C, AND J,S.STEVENS: CAN.J,CHEM, 46:903{196A8) & CO 7N2 (P 04312 &
CALVO+C, AND J,S.STEVENS: CAN.J,CHFM, 46:903(1368) o €02 7N (P 0432 &

Cpe2 VI
AUrP.K,L. AND C.CALVOr CAN,J,CHEM, 45,2297(1967)
DEWOLFF,P.M,, ACTA CRYST., 21,432(1968) CD (N H)2
LIPSON+H.» PROC,ROY.SOC, (LONDON)SER.A 1560462 (1036) 3CN S ANLA H2 0
POSNJAK)E, AND T.F.W.BARTHe Z.KRIST, B8,271{193u) en TT 03
WYCKOFF 4R W.Gev CRYSTAL STRUCTURES 1,({1963) cD 6
WYCKOFF«R.W.G.+ CRYSTAL STRUCTURES 2,(1964) K Ch F3

tn2 v? o7

Cp+2 VIl
CALVO/C, AND J,S.STEVENS: CAN,J,CHEM, 46590311968)
CALVO/C, AND J,S.STEVENS: CAN,J,CHEM, 461903(196A1

CD 7N2 (P Ou)2
£D2 7N (P Qu)2

Cp+2 VIIT
BRISSE«F,+ PH.D,THESTS,»DALHOUSIE UNIV. HALTIFAX.N.S,11967]
DONOHUE,P.C, ET AL.» INORG.CHEM, 4:1152(196%) €02 RE2 27
MATKOVIC+B. ET AL,» ACTA CRYST, 21¢719(1966! €D (N 0312,4 W20
WNYCKOFF,R,W.G.» CRYSTAL STRUCTURES 1,(1963) co F2

N2 TA2 07

Cpe2 XTI
POSNJAKE, AND R.F.W.BARTHs Z.KRIST, A8.,265(1934) €O YU 0%
CE*3 VI

SLEIGHT,A,W.: TO BE PUBLISHED (RE)2 53

TEMPLETONsD.He AND CoHo DAUBEN, J,AMER,CHEM,SOC. 76¢5237(1954)

CE+3 VII1
MOONEYsR.Cslo¢ ACTA CRYST, 3,33711950) CE P

o
SHANNONsR.D. AND C.T,.PREWITT, 70 BE PUBLISHFD. R3 VS V (21RCON}

CE+3

ZALKIN:A. ET AL,s JJ.CHEM.PHYS, 39,2881(1963) CF2 MG3 (N 03)12,2u K2 ©
CE+4 VI

WYCKOFFR.W.Gar CRYSYAL STRUCTURES 1,(1963) B8A CE 03

WYCKOFF R, W.G.» CRYSTAL STRUCTURES 1,[1963} SR CF 03

CEed VIIY
MYCKOFF rR.WoGor» CRYSTAL STRUCTURES 1,(1963) CE 02

CFe3 VI
GREENsJ.L, AND 8,8:CUNNINGHAM: INORG,NUCL.CHEM,LETTERS 3,3u43(1967) CF2 03
PETERSONsJsR. AND B.R. CUNNINGHAM: INORG.NUCL.CHEM,LETTERS 3,327(1967) cF2 03

CL-1 vt

cL+s
ZACHAQIASEND'-N.‘ Z.KRIST. 71¢517¢(1929) K €L 03
CLe7 IV
GOTTFRIEDSC. AND C.SCHUSTERIUS. 2,XRIST, !076"(1‘3!27
ZACHARTASENsWeH. ¢ 2.KRIST, 73,141(1930) NA CL

X CL o&

CL+7 VI

CM+3 VI
PETEASON+JoR, AND B.8,CUNNINGHAM, INORG,NUCL,CHEM,LETTERS 3,327(1967) M2 03

Cmen VIID
PETERSONe JoR, AND B.B.CUNNINGHAM: INORG,NUCL,CHEM,LFTTERS 3,327(1967) CM 02

Coe2 VI LS

Co+2 VI HS
BAUReW.He» ACTA CRYST. 11,488(1958) €O F2
T1BERS+J.A, AND G,W,SMITH) ACTA CRYST, 17/,190(1964) NA €02.3 MO3 012
MONTGOMERY+H, ET AL.» ACTA CRYST, 22,775(1967) CO (N H4)2 (5 08)2.6 H2 O
RENTZ2EPERIS:P.J.s» NEUES JAHRB,MINERAL.MONATSH. 226(1958) €H S ou
SCHNERING+H,6s9» Z,ANORG,ALLGEM,CHEM, 353¢13(19567) RA2 CO "b
SMITHeG,W, AND J.A.IBERS: ACTA CRYST, 12+269(1965) [
VAN NIEKERK1J:Nys FoR,SCHOENING, ACTA CRYST, 6¢609(1Q53) NY (C H3 € 0 012,4 W2 O
WYCKOFF yR,W.Gs» CRYSTAL STRUCTURES 1,(1963) €o o
WYCKOFF,R,N.G.s CRYSTAL STRUCTURES 2,(1964) M €O FY
2ALKINsA. ET AL.s» ACTA CRYST, 15,1219(1962) CO S 04,6 42 0

Co+3 VI LS
BLASSE1G.+ JoINORG, NUCL. CHEM, 27,748(1965) LT €O N2
SHANNON/R,D¢s INORG.CHEM. Ge1474(1567) R3 V5 Vv (PFAOVSKITE)

Co+3 VI HS
BLASSEsGe+ JoINORG. NUCL. CHEM, 27+7uB(1965) K3 €O Fe&
HEPWORTHM.A, ET AL.» ACTA CRYST. 10,63{1957) Co F3

CRe2 VI LS

Cre2 VI HS
JACK+K.H, AND R. MAITLAND,» PROC,CHEM,SOC.LONDON 232(1957) R F2
SHANNON.R,D. AND C.T, PREWITT, TO BE PUBLISMED, PR3 VS V rwurlLrn
STEINFINKiH. AND J.H,BURNS, ACTA CRYST, 17,823(1964) P2

CRe3 VT
DOUGLASS,)R.M.» ACTA CRYST, 10,42311957)
KNOX)X.s ACTA CRYST, 13.507{1960) c®
NEWNHAM,R.E. &ND Y.E.DEHAAN: Z.XRIST, 117,235(1962) CR? 03
SHANNON,R.D,» INORG.CHEM, 611474(1967) RS VS V (PFROVSXITFI
STEINFINK+H. AND J.H,JURNSs ACTA CPYST, 17:823(1964)  CR2 Fs
WILHELMI/Ko¢ ACTA CHEM,SCAND, 12/1965(1958] K CR {(CR 04)2
WILMELMIoK.» ACTA CHEM,SCAND, 19,165(1965)  CRS 012
WYCKOFF R W,G.+ CRYSTAL STRUCTURES 2,(1964)  CE CR 03

H CR 02
F3

CR+4 IV

WILHELMI/K.A.» ARKIV KEMI 26,157(1967) SR2 CR Ou

CRe4
CNAMEERLAND:H-L.: SOLID STATE COMMUN, 5,66311967) SR €° 03
CLOUD»W,H, ET AL.» JLAPPL,PHYS,,SUPPL, 33,1193(1062) ca 02
SHANNON,R,D, AND C€,T,PREWITT, TO BF PURLISHFN,  R3 VS V (RUTILF)

CR4S IV
GREENBLATY/M, ET AL.s ACTA CRYST. 23,166(1967) Ca2 CR fu CL
SHANNON:R.D. AND C,T,PREWITT, TO BE PUBLISHFD, R3 VS V (719CON
WILHELMI/K.A, AND O.JONSSONs ACTA CHEM,SCAND, 19:177(196%) CAS O H {CR OW)Y

CR+5 VIIT
SYROHBERG;?- AND C.BROSSET, ACTA CHEWM,SCAND. 14,4u41¢)1960) ®3 CR 08
CR#6 1V
AURIVILLIUS/Be AND I,JONSSON, ARKIV ¥FMI 19127111962} QA1 0 H CP 04
BYSTROMsA, AND K WILHELMI» ACTA CHEM,SCAND. 4¢1131{1950) (P 03
COLLOTTIGe ET AL, ACTA CRYGT, 12:416(1959) PR CR 04
LUNDGREN+G+ AND L,GeSILLEN: ARKIV KEWI 1,277(1949) TH (0 H12 CR Q4 M2 O
LUNDGREN¢G.+ ARKIV KEMI 13,59(1958) ZR4 (0 M16 (CR 061%,2 H2 O
MILLERe Joder Z,KRIST. 99/32(1938) €52 CR Ou
NARAY=SZABO:I. AND G,ARGAY: ACTA CHIM.ACAN,SCT,HUNG. 40,2R3(1964}
GUARENT,S. AND R.DEPIERI« ACTA CRYST, 19,287(1965) Pg 2R Ou
WILHELMI ¢ ACTA CHEM,SCAND, 1241965(1953) K €A% 08
WILHELMI¢Ker ACTA CHEM,SCAND, 19,165(1965) CR5 012
WILHELMIsKoo ARKIV KEMI 26,131(1967} LI €P3Y o8
WILHELMI¢Ker ARKIV KEM] 264141(1967) €S ¢Py oA
ZACHARTASEN'WoH, AND G,E.2IEGLER» 7.XRIST, B0¢164(1931) X2 CR Ou
ZHUKOVA,L,A, AND 2,G,PINSKER, SOVIFT PHYS.=CARYST, Q.+31(1964) K2 CR? 07

PR CR 04

CR+6 VI

C5+1 VI
BUANS»J,H, AND WeR.BUSINGs INORG.CHEM. ll»lSlﬂ(l96W)
WYCKOFFyRoM.Gor CRYSTAL STRUCTURES 1,(1963) cs

CS LY F2

CSe1 IX

MILLERsJoJer Z,KRIST. 99.3211938) €S2 CR Ou

€s+1 X
BYSTROM,A, AND K,WILHELMI, ARKIV KEMI 3,373[1951)
KROGH-MOE »J, AND M,IHARAs ACTA CRYST, 23.427(1967)
MILLER»J.Jor Z.KRIST. 99,32(1938) €52 CR Ou

€S sa2 F7
cs ma o014

€s+1 XI1
CROMERsD,Ts ET AL,» ACTA CRYST, 21.383011966) €S AL (S 0W)2,12 H2 O
EVANS+H . T.»JRs AND S,BLOCK. TNORG,CHEM, 5+18n8(1966) €S v3 08
ROSENZWEIG+A., AND D.T,CROMER, ACTA CRYST. 23,865(1967) €S U F6
ZALKINsA. ET ALos J.CHEM,PHYS, 37,697(1962) (S MN F3

Cuer 11

PABSTrA,r AM,MINERALOGIST 31:539(1946! CU FE 02
PREWITT,C,T, ANO R,0,SHANNON, TO Bf PUBLISHED, CU FE 02
WYCKOFF ¢ +Ger CRYSTAL STRUCTURES 1,(19631 (CU> O

Cusl VI

Cus2 1vSe
BACHMANNIH.G. AND J.ZEMANNe ACTA CRYGT, 18%:747(1961) PR CU S 04 (0 H}2
BRUNTON.G, ET AL.» ACTA CRYST, 11,169(1958) CUR MGA (C 0314 (0 HI24 ,A W2 O
BUKOWSKA=STRZYZEWSKArMse ACTA CAYST, 19,357(1955) CU (M C 0 0)2,2 H2 0
FINNEYrJado AND T,ARAKIs NATURE 197,70(1963) CU3 (S 04) O WU
FLUGEL=XAHLER+*E,» ACTA CRYST, 16,1000(1563) cu? O(S oud
GATTOWsG.» ACTA CRYST. 11¢377(1958) CU SE 03,2 H
GATTOW:G. AND J,2EMANN, ACTA CRYST, 11,866({1958)
GHOSE»S.» ACTA CRYST, 15,1105(1962) cuIo03om
GHOSE+S.+ ACTA CRYST, 160124(1963) Cus (P o6)2 (0 HIG
JAGGI+H, AND H,R.OSWALDs, ACTA CRYST, 14,1041(1961) cy (n Wr2
KIRIYAMA+Rs ET AL,r ACTA CRYST, 7,482(1954) CU {H € 02)2.4 H2 ©
PLIETH/K. AND G.SANGFRy 2.,XR{ST,12u»01(1967) ZN2 CU (AS Ou)2
RAO/B,RAMA+ ACTA CRYST, 14,73811961) NA2 CU (S 04}2.2 W2 O
TUNELLsG. ET AL.» Z.KRIST, 90,120(1935) cu o
VAN NIEKERKsJaN.» F,R,SCHOENING, ACTA CRYST, 6,227(1953) €U (€ HS € 0 0)4,2 H20

o
Cu! (" W2 (0332

Cys2 ¥
ABRAHAMS;S.Cy ET ALes J.CHEM,PHYS, 4Rs261911968) Cu MO Nu
FLUGEL=XAHLERIE,+ ACTA CRYST, 16¢1009(1963) CU2 ots 0uw)
HERITSH,H, s 2.KRIST. 99:466(1938} cU2 0 H AS 04
HERITSH,He ¢ ZJKRIST. 102,1(1939) Cuy2 0 H P O
POULSEN:S.Je AND C.CALVOr CAN.JL.CHEM, 46s917(1968)  CUS AS2 08

Cue2 VI
BACHMANNYHe G, AND JoZEMANN: ACTA CRYST, 18407u7(1961) PR CU 5 08 (0 HIP
BILLY.C, AND M, M.HAENDLER, J,AM, CHEM,SOT. 78,104Q(10857) cy F2
BUKOWSKA=STRZYZEWSKA(M,s ACTA CRYST, 19,357(1965) €l (4 C 0 02,2 W20
FINNEY,J.Jss ACTA CRYST. 21.437(1066) CU2 (AS O4) (0 H),% w? O
FLUGEL~XAMLERrE.» ACTA CAYST, 16-1000(1963) cuz ots ou)
GINETTI,Y.r BULL.SOC,CHIM,BELGES 63,209(1954) Cu GF 03
HERITSCHeHer ZoKRIST, 99,466(1938) Cuz(0 H) (a5 ou?
HERITSCHeHe» 2,XKRIST, 102,1(1939) cU2 (0 H) (P Ou}
JAGGI»H, AND H,R,OSWALDs ACTA CRYSY. llhlﬂll(l9bl)
KNOXsKos JoCHEM,PHYS, 300991(1959) K2 ¢
NOWACKI,W, AND R.,SCHEIDEGGER, HELV.CHIM, ACTI 35,375(1952) CU2 (0 HI3 N 03
RAO/R.V.6,SONDRA. ET AL.» Z.KRISY, 110,231{1958) CU RA2 (C © © HI6.4 H? O
RAOsB,RAMAs ACTA CRYST, 14,321{1961) cu s nu
RAO»ByRAMA» ACTA CRYST. 14r738(1961)  NA2 CI) {S 04)2.,2 W2 O
WYCKOFF,R,W,Gs s CRYSTAL STRUCTURES 2,[1964) K CUF3

cyU (n W2

DY#+3 VI
TEMPLETON:D.H. AND C,H.DAUBEN, J,AM.CHEM.SOC, 76,5237(1954)  DY2 0%

oy+3 VIII
ABRAHAMSS.C. AND J.L.BERNSTETNs J.CHEM,PHYS, 46,3776(1967) DY MN2 05
EULER'F, AND BARUCEsJ.Assr ACTA CRYST, 19,971(196S) DY3 FF2 £F3 012
SHANNON,R.D. AND C.T,PREWITT, TO BF PURLISHFD, R VS A (PYROCHLORF)

ER+3 VI
FERTeAss BULL.SOC,FRANC,MINERAL,CRIST. 851267(1962) ER? 0Y
TEMPLETON:O.He AND CoM.DAUBEN: J.AM,CHEM,SOC, 76:8237(195%4] ER2 03

ERe3 VIII
KNOP¢O, ET AL.+ CAN.J.CHEM, 43,2812(1965! ER2 T12 07
PATSCHEKE+E, ET AL.» CHEM,PHYSLLETTERS 2+87(1968) FR M 04
SHANNON(R,D. AND C,T,PREWITT, TO AF PUALISHEN, @ VS A (PYRNCHLORE)

Eus2 VI
MYCKOFF R, MeGos CAYSTAL STRUCTURES 1,(1963) EU D

EUs2 VIII
RAUsR.C,» ACTA CRYST, 20.716(1966) EU3 O
WYCKOFF )R ,W,Go» CRYSTAL STRUCTURFS l,(1963) EV F2

EU+3 V1
RAUIR,C.+ ACTA CRYST, 2071611966} FU3 0%
TEMPLETON»D,H, AND C,H.DAUBENs J.AM,CHEM,SOC, 76+5237119%4) Euz 03

Eu+3 VIIL
MARE210:M, ET ALu» J,CHEM,PHYS, 48,1096 (1968) EU3 FE2 6A3 012
SHANNON, AND C.T.PREWITT, TO RE PURLISHFD,. R VS A [OYROCHLORF)
TEMPLETONsD.H. AND A,2ALXIN, ACTA CRYST, 161762(196%) FU2 (W 0u)3
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Table 1(b) (cont.)

=1 1
-1 111

m omom

-1 1V

n

=1 VI
F 47 VI

FE+2 1V
HANISCH.K.NEU!S JAHRB ¢ MINERAL MONATSH. 128¢382(1986)

FE+2 VI LS

H FE2 AL SI4 24

FE42 VI  KS

BAUR:W.Her ACTA CRYST, 11,488{19%8) FE F2

BAUR:¥W.Hoo ACTA CRYST. 15,815(1962) FE S 08.4 H2 O

BURNHAMsC,W,» CARNEGIE INST.wASH,YEAR BOOK 650285(1966)

618B5¢6,Ve ET ALs» AMJMINERALOGIST, IN PRESS. FF2 ST 04

HAMILTONeW.Co¢ ACTA CRYST, 15,353(1962) FE ST F6.6 H2 0

KESTISIAN:M, ET AL,+ INORG,CHEM, 5:1862(1966) RB FF F3
ToMyr MyN, 2 AYA» SOV.PHYS.=CAYST, 8,650(1961) CA2 FE (P 0R)2,M2 O

SMITH!D,Ke ET ALs» ACTA CRYST, 18,787(1965) FE2 S1 04

STRUNZ:Me AND M.GIGLIOe ACTA CRYST, 15.205(1961) FE 6E (0 H)6

ULKU,D. ¢ Z4KRIST, 128r192(1967)

WICKOFFsR.W.G.» CRYSTAL STRUCTURES 1.(1965) EO

WYCKOFFsR,¥.G.» CRYSTAL STRUCTURES 2,(1968) KX FE

ZEMANNrJor NEUES JAHRB, MINERAL . MONATSH, 67(1959)

FE SI 0%

E F3
FE GF (0 Hl6

FE+3 1V HS
BATT)A, AND B.POST) ACTA CRYST, 15,1268(1962) Y3 FES 012
BERTAUT:E.F. ET AL¢s ACTA CRYST, 12/149(1959) Ca2 FE2 0%

BERTAUT:F. ET AL.s COMPT.REND, 257:821(1963) NA FF 02
EULER!F. AND J.A.BRUCE, ACTA CRYST, 19,971(1965) M3 FES 012
GELLER+Ss AND M,A,GILLEO» ACTA CRYST, 10+239(1957) Y3 FFS 012
ROMERS:Ca ET AL.» ACTA CRAYST, 22,766(1967)  NA3 FES 09 A
WEIDENBORNERyJ.E.» ACTA CRYST. 18,1051(1961) 6D3 FES 012

FE+3 VI LS
BLASSE1Gv+ JoINORGJNUCLLCHEM, 27,748(1965)
SHANNON¢R,D+ AND C.T.PREWITT, TO BE PUBLISHFD. R3 VS V (K3 MITI (CN)6)
FE+3 VI WS
ABRAMAMG¢rSeCs ET ALuv J.CHEM,PHYS, 42:3957{1965)

GA FE 03
BATT,A. AND B.POST, ACTA CRYST, 15,1268(1962) Y3 FES 012
BERTAUT,E.Fe ET ALe¢r ACTA CRYST, 12r1589(1959) CA2 FE2 0%

BLAKEeR,L. ET ALs+ AM.MINERALOGIST 51¢123(1966) FF2 03
BLASSErGer Jo INORG.NUCL.CHEM, 27,788(1965}

COPPENS:P. AND M.EIBSCHUTZ: ACTA CRYST, 19,528{1965) 6D FE
EULER¢F, AND J.R.BRUCE, ACTA CRYST. §19.971(196%) M3 FES
FINNEYeJoder AM,MINERALOGIST 88,1(1963) PB FE2 (AS 04)> (o N)z
HEPWORTHeMsA. ET AL.s ACTA CRYST, 10,63(1957) FE F.

SHANNON»R.D.r INORG.CHEM. 611474(1967) RS VS V [PEROVSKITE)
TOMASHPOL*SK11,Y. ET AL.s» SOVIET PHYS,=CAYST, 9,715(1965) RI FE 03
WEIOENBORNERsJ,E.r ACTA CRYST, 1G,1051(1961) 6D3 FES 012

FRel VI

6A+3 IV
ABRAHAMS:S+Co ET ALee JJCHEM.PHYS, 42¢3957(1985) GA FE 03
EULER:F, AND J,A.BRUCE: ACTA CRYST, 19+971(1965) M3 GAS Ol2
GELLERsSe» JoCHEM,PHYS, 33,676(1960)  6A2 03
MAREZI0.M,¢ ACTA CRYST, 18,481(1965} LI 6A 02
MOONEYsReCoelos ACTA CRYST. 9,728(1956) GA P O%

GA+3 V
SHANNGN¢R,D. AND C.T.PREWITT, J,INORG.NUCL.CHEM. IN PRESS, IN 68 03
GA+3 VI
BREWERsFoMs ET AL,¢ JoINORG.NUCL,CHEM, 9.58(19%9) GA F3
EULERrF, AND J,A.BRUCEs ACTA CRYST, 19r97l(1965) M3 GAS 012

GELLERsSo+ JoCHEM,PHYS, 33,676(1960) 6A2 O

MAREZIO/M, AND J.P.REMEIKA+ J,PHYS,CHEM, SOL!DS 26-1277[!065) GA2 03
MOONEY-SLATERsR.C,Lo¢ ACTA CRYST, 20,526(15966) GA P 04,2 H2 0
MOROSIN,B, AND A.ﬁOSENZVE!Sr ACTA CRYST, 183:874(1965)
WYCKOFF «Ges CRYSTAL STRUCTURES 2,1(1963) CE 64 03

RANNOB

GD+3 VI
TEMPLETON¢DoHe AND C.H.DAUBENs J,AM,CHEM,SOC, 76,3237(19%&) 6p2 03

&D+3 _VII

BR!SSEIF.: PHeDoTHESIS: DALHOUSIE UNIV.rHALIFAXIN.S,. (1967
EULER+F, AND J.A.BRUCE: ACTA CRYST, l‘h‘l?l(lQ&S)
SHANNON;R.O. AND C.T,PREWITT, TO BE PUBLI

6D2 T12 07
6D3 AL2 AL3 012
R VS A (PVROC".ORE,

SHED,
WEIDENBORNER¢J.Eor ACTA CRYST. 18,1051(1961) 603 FF5 O

GE+2 V1

GEsy 1V
ABRAHAMSS.C, ET AL.s J.CHEM,PHYS, bv-hB&D“%’" BI12 6F 020
DURIFe+A,» ACTA CRYST, 9:533(1956) ¢E U
SINETTI,Y,» BULL,SOC.CHIN,BELGES waovmsn, ¢y &€ 03

HILMEReWss ACTA CRYST, 15,1101(1962) BA 6F

HILMERsW.¢ SOVIET PHYS,=CRYST, 7.373(1963) SR GE 0

INGRI+N, AND G,LUNDGRENs ACTA CHEM,SCAND. 17,617(1963) NA3 GE9
JAMIESONsP«B, AND L.S5.D. BLASSERs ACTA CRYST, 22,507(1967) NA2 sl‘ 03.6 H2 0
LARSEN+FoKs ET AlLo,» ACTA CHEM,SCAND. 21,128111967)  NAS Snb 6510 030 (0 HI&
ROBBINS,Cy ET ALer JJRES.NATL.BUR,STD. 70Ar»385(1966) BIS GEY

SMITH»B,5. AND P.B.ISAACS, ACTA CRYST. 17,882(196u} GE 0,

BE+3 VI
BAUR»WaHar ACTA CRYST. 90515(1956) G6E 02
HOARDrJ,Le AND WeBJVINCENTs JiAMJCHEM.SOC, 6!.29“9“939) X2 8E F6
INGRI+N, AND 6,LUNDGREN. ACTA CHEM,SCAND. 17.617(1963)  NAG GE9 020
ROBBINS(Cs ET Aler J.RES.NATL.BUR STDc TOA»385(1966)
SHANNON:R.Ds AND CoT.PREWITT) TO B R3 VS ¥ (RUTILE)
STRUNZeHe AND M,GIGLIO» ACTA CRYSV- 151205“%1) FE GE (0 M16
ZEMANNt o » NEUES JAHRBLMINERAL,MONATSH, 67¢(19%9) FE &% (0. Hl6

H+ 1
ABRAHAMS ¢SoCo? J:CHEM,PHYS, 36,56(1962)
ABRAHAMS ¢ S4Ca v JoCHEMIPHYS, 2l4,2230(1966)
CROMER¢*DsTo ET AL.¢ ACTA CRYST, 21/383(1966)
KUIPERS, ET AL+ JoCHEM,PHYS, 25,275(1956) M
PIMENTEL6+Co AND AcLoMC CLELLAN) THE HYDROGEN BOND» REINHOLN (NEW YORK) 1960

CU F2.2 W
FES 92 05.“ H2 0

x

+1 11

ELLISON,R.Ds AND HoA,LEVYs ACTA CRYST, £9+260(1968) K M (C2 H 04 cv)
HAMILTON® IND JoA,IBERSe ACTA CRYST, 16¢1209{1963) W CR 02

MC DONALD: Rer ACTA CRYST, 13,213(1960) (N Hu) H F2

MC GAWiBaLo AND JoA IBERSe JLCHEM.PHYS, 39:2677(1963) NA H F2
PETERSON:»Se¥Me AND HiAsLEVYe JoCHMEMJPHYS, 200704(1952)
PETERSON'S+We AND HeA: LEVYe J,CNEM,PHYS. 29,988(19%8)

K H F2
K H (€2 H2 o%)

HF+4 VI
BRISSEsFur PMeD. YHESIS:DALNOUSXE UNIVeoHALIFAX/N.S. (1967) W2 WF2 07
SHANNONsR,D, AND C.T.PREWITT, TO BE PUBLISHED, R VS A (PYROCHLORE)

HF+4 VIII
WYCKOFFoR,W.Ges CRYSTAL STRUCTURES 1,(1963} HF 02

Hesl IIT
GROENIC:Ds J,CHEM,SOC, 1312(1956) 182 (N 03)2.2H2 ©

He+2 II
AURIVILLIUS/Kes ACTA CRYST, 9,685(1956) K6 O
AURIVILLIUSeK+e ACTA CHEMJ.SCAND. 1Re1305(1968) WG O
ROTHiWsloe ACTA CRYST. 9,27711956) HG O

He+2 1V
BONEFACICeAsr ACTA CRYST, 18:116(1961) MG S Du.H2
KOKKOROSePeA. AND PoJJRENTZEPERIS: Z,KRISY. 119p23¢l196§l

HG S 08

He+2 Vi
BONEFACICrAsr ACTA CRYST. 18,116(1961) H6 S 08,H2 ©

HG+2 VIIL
SHANNON+R.Ds AND CoT.PREWITT, TO BE PUDL!SRED.
SLEIGHT¢A.Woe TO BE PUBLISHED, HG2 M2 O
WYCKOFFeR.We6or CRYSTAL STRUCTURES l.(lﬂﬁ!) HE F2

Ho+3
FER\':A-: BULL+SOC,FRANC.MINERAL ,CRISTs 850267(1962)  HO2 03
TEMPLETON¢D4He AND C.H,DAUBEN: JJAM.CHEM.SOC. 7605237(19%) Ho2 03

HO+3 VIII
SHANNONyR,0, AND C.T.PREWITT, TO BF PUBLISHED.

-1 VI

R VS A (PYRQGCHLORE)

R VS A (PYROCHLORE)

-

45 VI
WYCKOFF iR We6oe CRYSTAL STRUCTURES 2, (1964)
« WYCKOFF RoWsBe0 CRYSTAL STRUCTURES 2,(1968)

€S 1 03
RB T 03

1+7 VI

IN#3 VI

BERGERHOFF ¢S, AND H.KASPER) ACTA CRYST, B2h,388(1968) CU2 IN2 05
JOHMANSSON»Gev» ACTA CHEM,SCAND., 15,1437¢1961) IN O H S 08 (H2 012
MAREZIO M,» ACTA CRYST, 20»723(1966) IN2 03
MOONEYeReColo# ACTA CRYST, 9:113(1958) IN P O&
MOONEY=SLATER/ReCoLov ACTA CRYST. 14,1130{1961)
REIDsAFor INORG.CHEM: 6,631(1967) CA IN2 O%
ROTHeReSer SeJoSCHNEIDER - JRES,NATL,BUR.5TD. 5“‘-509(1960)
SHARNONeRoDs AND C.T,PREWITT, YO BE PUBLISNED.

IN P 08,2 H2 O
R VS V (MN2 OX}

IN¢S VIIX

SHANNON:R.D. AND C,T,PREWITT, TO BE PUBLISHED. R VS A (PYROCHLORE)
IR+3 VI

HEPMORTHsMeA, ET AL.s ACTA CRYST, 10,63(1957) IR F3

IR+3 VI
BABEL+D, ET AL.» Z,ANORG.ALLGEM,CHEM, 3537,282(1966) CA2 IR 0%
RODIe F, AND D.BABELs Z,ANORG,ALLSEM,CKEM, 336,17(1965} CA IR 03
SHANNON:R,D. AND C.T,PREWITT: TO BE PUBLISHED. R VS A (PYROCHLORE}

K +1 VI

BODEeHs AND EoVOSS+ 2. ANORG,ALLGEMJCHEM, 264,184(1951) K Sa
HOPPE+R, AND H,SABROWSKY! Z-ANORG.ALL@ENC"!“. 339184 (1965)
STANLEY,Eso ACTA CRYST. 9,897(1956) K2 52

WYCKOFFsRoWoGor CRYSTAL STRUCTURES 1,(1963) K F
ZACHARIASENeWoMsr ACTA CRYST, 7,783(1953) X3 U 02 FS
ZACHARIASEN:WeHo» ACTA CRYST, 7,792(1953) X3 U F7
ZIEGLER¢8.Eer Z.KRIST. 93:491(1936) K N 02

K 41 VI
EANES?E,Ds AND NoM,ONDIKs ACTA CRYST, lS-l!Bo(lezl
EDWARDSsDoA.s Z,KRIST. 80,154(1931)
LINDQVISTeIs AND M MORTSELL)» ACTA CRVS\‘. lDrlOS(l'}ST)
MAREZIO(M, ET ALes ACTA CRYST, 16,975(1963) K2 BS OV.4
ZACHARIASENs WoHy» oo CHEM,PHYS, 5.919(1937) K B 02
ZHUKOVAIL oAy AND Z.8,PINSKER, SOVIET PN‘IS.-ERVST- 91311964}

K +1 VIII
ANDERSSON+S. AND A.D,WADSLEY, ACTA CWEM,SCAND, 15,66311961) X2 T12 05
BELTIR, AND NoC,BAENZIGERs JoAM,CHEN,50C, 79»31611957) KS O3 (NHOH
CHRISTiCole ET AL.» ACTA CRYST, 7,801(1958) K V O3,H2 o
EANES(+E.0s AND H.M,ONDIKs ACTA CRYST,. 15.:2!0(:9&2) LI K2 P3 0%9.H2 ©
FORRESTER#JsDe ET AL,» ACTA CRYST, 16+58(1963) K H2 F3
LINDOVISTe I, AND Mo MORTSELLv ACTA CRYST, 10-006(1957) k2 52 05
ACTA CRYST, 13+403(1960) X RE
v o _INORG» CHEM, s-soalxssv)
ACTA CRYST, 9,393(1956) K BR F&
o ET AL.s ACTA CRYST, 7,185(1958) K2 C2 K N 08
IADSLEY:A.D.. ACTA CRYST. 17,623(1964) K TI NB 0S
ZACHARIASENsMeHor ACYA CRYST, 7,783(1954) K3 U 02 FS
ZACHARIASEN+WeHo» ACTA CRYST, 7,792(1958) K3 U F7
2ACHARTASEN)WeHo AND H.ALPLETTINGER) ACTA CRVST. 16437611963}

F&
X S¢ o2

LI K2 P3 09,H2 O
K2 sa o5

K2 CR2 07

X MN Ol

K B85 08.% H2 O

11X

ARAVINDAKSHAN:C, v Z.KRIST, 111,35(1988) K CL
BALZsD: AND K.PLIETHs 2.ELEKTROCHEM, 59-53!(1955) K2 NT F&
BODEsH, AND 8.TEUFERs ACTA CRYST, 91929(1956) K2 HF F6
BROWN¢G,M, AND LoAJWALKERs ACTA CRYST, 200220(1968) K2 NB F?
DONOHUE »Jy AND L HELMHOLZe» J,AM,CHEM,SOC, 660295(1988) K A6 C 03
HOARD»J Lyt JoAMJCHEN,50C, 61¢1252(1939) KZ NB F7

KNOXoKos JoCHEM,PHYS, 300991(1959) k2 cU ‘l

XROGH=MOE+J,» ACTA CRYST, 1B,108811965} K2 aip 016
LOOPSTRAsLiH, AND C.HJMACSILLAVRY» ACTA CRYSY. l!:!lﬁ(!%!)
PALENIK:G.Js» INORG.CHEM. 8,S07(1967) K2 MN

SCHNEIDER!W.» ACTA CRYST. 18,784(1961) K2 HN ( on

2ZACHARIASEN:WiHs ¢ SKRIFT.NORSKE V1D¢=AKAD, OSLO:! NlY.MM-KUSSE(l?!O) X BR 03
ZACHARIASEN WM. ¢ Z.KRIST, T1,501{1929) K C
ZACHARIASENsWeHy» ZoKRIST. 89,529{1938) K2
ZACHARIASENsWiH, AND G.E+ZIEGLERs Z.KRIST, 80'16'(19!1)

KHS 04

K2 CR 04

+1 X

BYSTROMsA, ET AL.s ARKIV KEMI 8,178(1952) K S8 F&

CANNILLOsFo ET AL.» ACTA CRYST, 21,200{1966) K NAS FE2' TI2 (514 o12)2
EVANS oM TooJRer 2Z,KRIST. 114,257{1960) K V 03

KEENsRoCor Z.KRIST, 91s129(2938) K2 S2 00

PALENIK,Bovar INORG(CHEMs 6¢507(1967)

K2
2ACHARIASENeW(H, AND G.E.ZIEGLER» 2.KRIST. 00!16“19!1‘) X2 CR 08

=

+1 XI1I

BODEeHs AND MoV,DOHREN, ACTA CRYST. 11.8011958) X fl ¢6
BODE+Hs AND MoV,DOHREN; ACTA CRYST, 11,8011988) K N
ELLINGER+FoHe AND ZACHARIASEN+W.Hoe JePHYS.CHEM, 581005(1955)

K PU 02 C 03
EVANS+H.TorJRes AND S.BLOCK+ INORG.CHEM, 5¢1808(1966) K V3 Of
Co AND C. SCHUSTERIUS: ZJKRIST. 3.'65“932) K CL OI
o ET ALes JiINORS.NUCLJCHEM, 20791195 05 Fe
AND WoB,VINCENT d-AN-CﬂENnSOC- 51-26“9(1050) X2 6E F¢
o0 ACTA CRYST, 9,967(1956) X AS F6¢

T AL.» ACTA CRYST, $,209(19%2) xz CA4 BES AL2 Sl!b OGn.ﬁ! o
l(ATltL- AND HeD.MEGAWs ACTA CRYST, 22-539(1957) X N

1EGE ACTA CRYST, S/683(1952) K2 7! Fg
VOUSD » ACTA CRYST, &,373(1951) K TA O3
WILHELMI ¢ ACTA CHEM.SCAND, 12+1965(19%8)
WYCKOFF ,RoWe6es CRYSTAL STRUCTURES 3, (196%)

LA+3 VI

3 08
AL3 (0 HY6 (S 08)2
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Table 1(d) (cont.)

SILLENsL+Ge AND K,LUNDBORGr 2.ANORG,ALLGEM.CHEM, 252:2{1943) LA2 MO 06
TEMPLETON+DoeHe AND C.H,DAUBEN: J.AM.CHEMJSOC, 765%237(19%4) LA2 03

LA+3 vIl
GUILLEN:M, AND E.F.SERTAUT: COMPY,REND. SER.A:B 262B:962(1966) LAZ T1 OS5

LA+3 VII
BRISSEeFoer PHeD,THESIS/DALHOUSIE UNIV.eHALIFAXsN,S,(1967) A2 M2 07
SHANNON#R,D¢ AND C.T.PREWITT, TO BE PUBLISHED. R VS A (OYROCHLORE

LA+3 IX
HUNT,E,Bo¢edRee ET AL, ACTA CRYST, 7,10601954) LA2 15 A413,9 H2 ©
ZALKINeAs ET AL,» INORG,CHEM, 5.1466(1966) LA F3

A+3 X
LONGOsJ, M, AND A.W,SLEIGHT: INORG.CHEM. 7,108(1968)  LAG RE& 019

LAe3 XI1
HUNT¢E,BeeJRor ET AL,s ACTA CRYST. 7,106119%4) LA2 1S 413,89 M2 0

LI+l IV
BURNS¢J,Hy AND W.R,BUSINGe INORG,CHEM. 4,1510(1965) RB LT 72
BURNSesJ,H, AND W,R,BUSINGe INORG.CHEM, 4¢151011965! ¢S LI F2
BURNSeJ,H, AND E.X, GORDONs ACTA CRYST, 20¢135(1966!} LT2 AF Fu
EANES:E,D, AND H.M.ONDIKs ACTA CRYST, 15,1280(1962} LI %2 P3 09,2 O
GALYoJ, AND A.HARDYs ACTA CRYST, 19.432(1965) LT V2 05
KEFFEReCo ET AL,» INORG,CHEM, §,119{1967) LI3 P OU
LARSON»A(Cur ACTA CRYST, 18+717(1965) LI2 S Qu,H2 O
LIEBAUsF.r ACTA CRYST, 14,389(1961) LI2 S12 05
LIEBAUsF.» ACTA CRYST, 14.399(1961) LI AL SI4 010
MAREZIOeM,¢ ACYA CRYST, 1B.481(1965) LI GA 02
MAREZXO.M,e» ACTA CRYST, 19.396({1965) LT AL 02
MAREZIOsM, AND J,P,REMEIKA» J,CHEM,PHYS, 44s3368(1966) LI A 02
REMEIKA¢J,P, AND M,MAREZIOr JoPHYS.CHEM,SOLIDS 26,208%(1965) LT 8 02
SEARSe0,R, AND J.H,BURNSe J,CHEM,PHYS, 41:347R(1964} LT6 BF F4 2R FB
ZACHARIASENsM.H, AND H,ALPLETTINGERe ACTA CRYSY. 14¢229019861) L12 w O%
ZEMANNr Jar ACTA CRYST, 130863(1960) LY3
ZINTLeE, ET AL.» Z,ELEKTROCHEM, HO-SABII9S¥, Lt2 0o

LI+1 VI
ABRAHAMES5.C, AND J.L.BEANSTEINs J.PHYS,CHEM,SOLIDS 28+14A%(1967) LI TA 03
ABRAHAMSsS.C. AND H.J.WILLIAMSs J,CHEM,PHYS, 39,2923(196%) LI CU CL3.2 H2 O
ABRAHAMS15.C, ET AL.+ J.PHY5,CHEM,SOLIDS 27:997(1966) L1 NA 03
ABRAHAMS1S.C, ET AL.s J.PHYS,CHEM,SOLIDS za-xaqs(xqev) LT TA 03
BRUNTON,G.» ACTA CRYSY, 21:Bi4{]1966) LI U F!
BRUNTONsGo v Js INORG.NUCL,CHEM, 20,1631(1967) LTs U F8
BURNSd, ACTA CRYST, 15,1098(1962) LI SR F&
CANNILLO+F. ET AL,s» ACTA CRYST, 21,200(1966) K NA3 FE2 T12 (SI 012)2
GALYs Jo AND A HARDYs ACTA CRYST, 19,832(1965) LT v2 0%
GELLER/S. AND J,L,DURANDs ACTA CRYST, 13,325(19603 LI uN P O%
MAREZIOsM, AND J.P.REMEIKAr J.PHYS,CHEM,SOLIDS 26¢1277(1965) L1 GA 02
MAREZID,M, AND J.P.REMEIKAs J,CHEM,PHYS, 84¢3183(1966) LT AL 02
WYCKOFF ¢RoW.Gar CRYSTAL STRUCTURES 1,(1963} LI F

Lu+s VI
BARTRAM,S.F.s INORG.CHEM. S»T749(1966) LUS U O
TEMPLEYONsD.He AND C,H.DAUBEN: J.AM,CHEN,SOC, 7&»52!7()950) Lu2 o3

Lu+s vilr
BRISSE/Fss PHeO.THESIS+DALHOUSIE UNIV. e HALIFAXeN.S,(1967) Luz 112 07
EULER*F, AND J,AJBRUCEs ACTA CRYST, 19,971(1365) LU3 MF% 012
SHANNON(R,O. AND C.Y.PREWITT, TO B8F PUBLTSHEN, A VS A [PYROCHLORE)

MGe2 1V
SMITHed, V.5 AMMINERALOGIST 38,643(1953) Ca2 MG SI2 07

MGe2 V1
BAUR,W,H,s ACTA CRYST, 9:315(1956) MG F2
BAUR¢W.H.,» ACTA CRYST, 15.815019621 FE S Ou.4 H2 O
BRUNTON,G, ET AL.s ACTA CRYST, 11,169(1958) CUR MGB (T 03)4 (0 H)24.8 H2 O
CALVO+C,1 CANJJ,CHEM, 4301139019651 M™MG2 P2 07
CORBRIDGEsD.E+Cor» ACTA CRYST, 9,991(1956} MG H P 03,6 H2 O
GIBBSsG,¥, ET AL.s AM.MINERALOGIST., TN PRESS, Ma? ST ou
KASPER»J.S. AND J,5.PRENERs ACTA CRYST, 7,286(19%4) MG& MN 08
LUKASZEWICZ¢Kes BULL.ACAD.POLON,SCI.SFR.SCI.CHIM, 11.361(106)  MG2 AS2 07
RENTZEPERIS:P.J, AND C.T.SOLDATOS: ACTA CRYST, 11,686(1958) MG S O
STEINFINKsH, AND F.J,SANSs AM MINERALOGIST “01679(1950) CA MG (C 03)2
SUTORsD,J,» ACTA CRYST. 23,418(1967} MG H P 04, 3K,
TAKEUCHIYer ACTA CRYST. 5¢574(1952) MG2 82 05
WYCKOFF R, W.Gee CRYSYAL STRUCTURES 1,(1963) MG O
WYCKOFF R.W.Ger CRYSTAL STRUCTURES 2.(1964) K l‘G F3
ZACHARTASENsWeH. ¢ ACTA CRYST. 7,788(1954) MG U 04
ZEMANNrA. AND J.2EMANN, ACTA CRYST, 10,409(1957) K2 MG2 (S 0433

MG+2 VIIL
GIBBS+»G.V, AND JoV.SMITH, aM,MINERALOGIST 50,2023(1965) MG3 AL2Z S5T3 012
2EMANN+A: AND J,ZEMANNe ACTA CRYST, 1%.835(196}1) MG3 ALZ ST3 012

MN42 VI LS

MN42 VI HS
ABRAHAMS:5,Cs ANO J.M,REDDY» J,CHEM,PHYS. “3.25!3(1965) MN MO 0%
BAUR,W,Hs ACTA CRYST, 11,48811958) MN
GELLER:S, AND J,L,DURANDs ACTA CRYST, 131325(1960) LI uy £ 04
MROSE+M,E, AND D.E,APPLEMANy Z.KRIST. 117:16(1962) (MNeFF) BE (P 08) (0 H)
PEACOR,D,Rs AND M,J.BUERGER» Z,KRIST, 117.331(1962} CA MN ST2 06
RENTZEPERISIPad, ¢ NEUES JAHRB.MINERAL ,MONATSH, 210(1958) MN S 06
RENYZEPERISIPaJes Z.KRIST. 119,117(1963} IN2 MN (0 -HM}2 5T oOu
SCHNEIDERsW.¢ ACTA CRYST, 14,784(1961} K2 MN (S 0u)2.4 HZ2 0
SHIRANE1Gs ET ALer JoPHYS,SOC,JAPAN (4,1352(1959) MN TT 03

«Gee CRYSTAL STRUCTURES 1,(1963) MN O

CRYSTAL STRUCTURES 2,(1964) X MN F3

!ALK]NIA» ET AL.e JoCHEM,PHYS, 37,697(1962) CS MN F3

MN+2 VIIL
SHANNONsR.D, AND C.T,PREWITY, UNPURLTSHED DATA, R ¥S A (GARNET)

MN43 V
ABRAHAMS1S¢Co AND JoLsBERNSTETNs JiCHEM,PHYS, 46¢3776(19A7) DY MN2 0%
YAKELsH,L. ET ALor ACTA CRYST, 16¢957(1563} Y un 03

MN+3 VI LS
BLASSEsGs o J.xNDﬁG.NUCL.CHEM, 27+748(198%5)
SHANNON:R.O, AND C,T,PREWITT, TO BE PUBLISHED. R} VS V (K3 MII1 (C NI&)

MN+3 VI HS
COLLINIR.Le AND W,N,LIPSCOMB, ACTA CRYST., 2¢10u{1949) H MN 02
DACHSeH, ¢ 2.KRIST, 118.303(1983) W®n O
FERT»A.r BULL.SOC,FRANC,MINERAL ,CRIST, 551267(1962) MN? 03
HASEsWe ET ALoe Z.KRIST. 124,428(1967) MN;
HEPWORTMMs Ao AND K,H.JACK: ACTA CRYST, 10'3!5(2°57) MN F3
NORRESTAM¢R, ¢ ACTA CHEM,SCAND, 21:2871(1967)  MN2
ROTHIR S, ¢ S,J,5CHNEIDER: J.RES.NATL,AUR,5TD, GUA'30°(1960| R3 VS v (MN2 O%)
SHANNON+R,0,¢ INORG.CHEM. 6/1474(1967} R3 V5 V {PEROVSKITE}
SHANNONR,0, AND C.T.PREWITT, TO BE PUBLISHED, R VS A (MN2 O3}

HNsG VT
ABRAAMSS+C, AND JoL,BERNSTEIN, JoCHEM.PHIS, 46:3776(1967) DY WN2 05
BODE/H. AND W.WENDTs 2.ANORG,ALLGEM.CHEM, 269¢165(1952) RB2 HN F
KASPERs.J.So AND J,S.PRENFRy ACTA CRYST, 7s206(1954)  MGE MN oa
SHANNON.R,0. AND C.T.PREWITT, TO BE PUBLTSHED. R3 VS V {RUTILE)
WADSLEY,A.D.» ACTA CRYST, 8,165(1958) 2N MN3 07,3 W2 O

L
PALENTK)GeJss INORG,CHEM, 6+50T7(1967) X2 HN 04

MN+7 1V

FERRART,A, ET AL., ACTA CRYST, 21,681(1966) SR (MN 04)2,3 H2 0
JAVANIA, AND A, ENGELBRECHTe PHYS,REV, 96.6“9(1953! MN 03 ¥
MOONETIR.Col,r PHYS,REV, 37+1306(1931) K MN

PALENIK;8,Js ¢ INORG.CHEM, 6¢503(1967) K L 0“
SASVART K, Z.KRIST, 99.9(1938) AG MN O
MN+7 V1
Mo+3 VI
HEPWORTHoMcA, ET AL,» ACTA CRYST, 10,63(1957) Mo F3
Mosu VI

ANSELLsG,Bs AND L,KATZ, ACTA CAYST, 21,482(1966) 22 MDY 04
BRANDT+B,G: AND A,C.SKAPSKIs ACTA CHEM.SCAND, 21+661(1967) MO H2
SHANNON:R,D, AND C.T.PREWITY, TO BE PUBLISHED. R3 VS ¥V (RUTILE)
WYCKOFF ,R.W.G¢s CRYSTAL STRUCTURES 2,(19643  BA MO 03
WYCKOFF R W,Gss CRYSTAL STRUCTURES 2,1196%) SR MO o3

MO+S VI
EDWARDS+AsJy AND ReD,PEACOCK: J,CHEM,50C, 1961,4253  NA W0 F6
KIERKEGAARD P, AND M, WESTERLUND, ACTa CHEM,SCAND., 18,2217(1964) M0 P 05

Mpss 1v
ABRARAMSS.Cy 1 JsCHEM,PHYS, 46,2052(1967) ZN MO 04
ABRAMAMS)S:Co AND JoMe REDDY: J CHEM,PMYS, 43,2533(196%8) MN MO O4
ABRAMAMS1S.Cy ET ALss JoCHEM PHYS, UR0261911968) CU WO 04
1BERSsJ. Ay AND GoW SMITHe ACTA CRYST, 17.190(1964) NA €02,3 MO3 012
K!NLBOkG-L.: ARKIV KEMI 21,357(1963) MO 03

THLBORGeLss ARKIV KEMI 21¢365(1963) MO% 011 (MON),MOG Q11 (O=RH}

LECIEJE‘IC!IJ-! Z.KRIST, 121,158(1965) PB MO 04

ACTA CHEM,SCAND, 2002195(1966) K2 W03 010

ACTA CHEM,SCAND, 21,499({1967) NA2 m02 07

SILLENsL.G» AND X,LUNDBORGe 2,ANORG.ALLGFM.CHEM, 252,211943) La2 MO 08

Ko+6 V
EICKsH.A. AND L,KIHLBORG: ACTA CHEM.SCAND, 20¢16%8({1966) V2 HO 08
GAYEHOUSE1B,M, AND P,LEVERETTs CHEM.COMM. 1967,374% K2 %03 010
SELEBORGiMs+ ACTA CMEM,SCAND, 200219%(1966) K2 H03 010

HO+6
GATEHOUSEJB Hs AND P,LEVERETT» CHEM,COMM. !967137l K2 =03 010
KIERKEGAARD:P+» ARKIV KEMI 18,821(1962) MO P;
KIERKEGAARD:P.y ARKIV XEMI 18,353(1962) NA w0 02 P ou

KJERKEGAARD» 7

KIERKEGAARD AG MO P O
KIHLBORGsL ARKIV KEMI 21.357(19863) M

KIHLBORGsLev» ARKIV KEMI 210365(1963)  MO4 011 (MON),MO4 011 [(0=RH)

KIHLBORGsL+» ARKIV KEMI 21.427(1968)  MOS 014

KIHLBORGsLe» ARKIV KEMI 21,543(1964) M018 052

KIHLBORGsLe» ARKIV KEMI 21,451(1964) MO8 023

SELEBORG1Ms» ACTA CHEM,SCAND. 2002198(1966) K2 M03 010
SHITHIG, W, AND JeA IBERSe ACTA CRYST, 19,269{1965) CO W0 Ou

Mo+6 Vil
KIHLBORGrLo» ARKIV KEMI 210827(1968)  MO5 01%

N 43 V1

N +S
CHER]NAP. ET AL,» ACTA CRYST, 23,485(1967) NA N 03

N +5 VI

NAsl TV
CORBRIDGE«D.E,C,1 ACTA CRYST, 13,263¢1960) NAS P3 010
WUNDERLICHsJ, A, + ACTA CRYSY, 100852(3957) NA O HeH2 O
WYCKOFF )R MGy CRYSTAL STRUCTURES 1,(1963) NA2 O

NA+1 ¥

HEMILY:PuW.s ACTA CRYST, 10037(1958) HA O H,8 H2 D

ET AL.» ACTA CHEM,SCAND., 21,1281(1967) NA3 SN& GE10 030 (0 HIY
+ AND Ds¥:J.CRUICKSHANK: ACTA CRYST, 22037(1967)  NA2 ST 03
ONDIK/H M, ¢ ACTA CRYST, 18+226(1963) NA3 P3 09

ONDIK+H, M, ¢ ACTA CRYST, 18+226(1965) NA3 P3 09.H

PANT+A.Ks AND DoW,J,CRUTCKSHANKs ACTA CRYST, !2'-13(1963) NA2 SI2 0%
ROMERSCs ET AL,» ACTA CRYST, 22,768(1967) NAY FES

NA+1 V1
BURNS» JoHeo INORS,CHEM, 8,881(1965) NA ND Fi
CORBRIDGED.E.C,+ ACTA CRYST, 13,263¢19803  NAS P3
CROMER/D, T, ET AL,s ACTA CRYST, 22,182(1967) RA lL (s 0K)2,12 H2 O
cRU!CK$HANK|D.i.J » ACTA CRYST, 17,672(1968) NAR P2 07,10 Hz
DYERsL.D. € JoAM CHEM,S0C, 76018990(1958) WA NI
BIESER, F.vJR-; SCIENCE 154,1853(1966) NA2 By 06 (0 HI2,3 M2 ©
KIERKEGAARD » n ARKXV KEMI 18,553(1962) NA MO 02 P 04
MCDONALDYR T ALsr ACTA CRYST. 17,1108(1968) NA SN2 F5
ONDIKsH, M EY ALan ACTA CRYSY, 14,.555(3961) NAR PR 012,48 H2 O
SHARMA1B:Dss ACTA CRYST, 18:818(1965) NA H C 03
WE1SSsR, ET AL.» ACTA CRYST, 20,338(1966) NA3 H TI F8
WYCKOFF R, ¥.8:s CRYSTAL STRUCTURES 1,¢1953}) NA F
ZACHARTASENsW:H,» ACTA CRYST, 2,390(1989) NA TH2 Fo
ZACHARTASENWsH,» ACTA CRYST, 2,390(1949) NA2 TH Fp
ZALKINIA, ET AL,r ACTA CRYST, 17,1408(1968) NA2 ST Fo

NA+3 VIl

ANDERSSONIS, AND A,O,WADSLEY, ACTA CRYST. 14,1245(196%) NAZ T13 07
CANNILLOIF. ET AL,» ACTA CRYST, 21,200¢1966> K NAS FE2 TI2 {Si4 01212
FANGiS,Mer Z,KRIST. 9%A.1(1938) NA B 02

¢ ARKIV KEMI 18,553(1952) Nl l 02 P o0&

2.KRIST, 99A,38(1938) NA AL F

MAREZIOsM, ET AL.r ACTA CRYSY. 16,398(1963) NA

RAOsB.RAMA: ACTA CRYST., 18,73B(1961) NAZ CU (5 0"12.2 H2

HA+L VII
NCDONALDIR-H. ET Aloe ACTA CRYST, !7.110“(196“) NA SN2 FS
MENZER:Gov Z.KRIST. 7%.263(1930) 3 L13 AL2
RUMANOVAYIeMoe G.F.VOLODINAY DOKL.A‘ID NAUK SSSR 123.75(1956) NA CU2 O H (S D%)2,M2
WEISSrR, ET AL.e ACTA CRYST, 20,534{31966) NA3 H
ZACHARIASEN,WeHor Z,KRIST, 73A,181(1930) Na CL 0‘

NA+1 IX
ANDERSSONrSe ARD A.D.WADSLEY, ACTA CRYST, 14,126¢%{1961) NA2 T13 07

NB+2 VI
ANDERSSON¢Gs AND A MAGNELI+ ACTA CHEM.SCAND. 11,1065(1957) NB O

NB+3 VI
HEPWORTHeM A, ET ALos ACTA CRYSY. 10,63{1957) NB F3

Ne+4 VI

MARINDEReBa.r ARKIV KEMI 15,435(1962) KB 02
SHANNON:R,D. AND C.T,PREWITY, YO BE PUBLISHED, R3 VS V (RUTILE)

NBeS IV
BATEHOUSE +B.Ms AND A,D.WADSLEY, ACTA CRYST, 17,15u5(1964) NB2 0%

NB+S VI
ABRAMAMS ¢S.C, ET ALor JoPHYS, CHEM.SOLIDS 275997(1966) LT nNa 03
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Table 1(3) (cont.)

ANDERSSON»S.» ACTA CHEM,SCAND. 18.2339(1964) NB3 07 F

BODE.Xs AND H., DOHREN:» ACTA CRYST, 11,80(1958) K NB F
GATEHOUSE»B.M: AND A.D.WADSLEY, ACTA CRYST. 17115“§(196“’ NB2 05
KATZ)L. AND H.D., MEGAW: ACTA CRYST. 22,639(1967) K N8 N3
MOROSIN+B, AND A,ROSENZWEIGe ACTA CRYST. 18+874(1965) AA N3 08
PEDERSEN¢B.F,» ACTA CHEM.SCAND, 16:821(1962) AL NB O4
SXAPSKI»A,C. AND D.ROGERSe CHEM,COMM, (196S)ell SB NB 04
SLEIGHT»A.W.s TO BE PUBLISKED. HG2 NB2 07

NB+5 VII
BROWNsG,M, AND L.A.WALKER: ACTA CRYST., 200220(1966) K2 NR F7
HOARD»J,Lyr JoAM CHEM.SOC. 61¢1252{1939) K2 NB F7

ND+3 VI
TEMPLETON»D.H. AND C.H.DAUBENs J.AM.CHEM.SOC, 76s5237(1954) ND2 03

ND+3 VII
MILLIGINIU:O. AND L.W.VERNON, J,PHYS,CHEM. 56,145(1952) NDO V 08
SKANNON,R,D, AND C.T,PRENITT, TO BE PUBLISHED. ] VS A (DYROCNLDHE)

ND+3 IX
BURNS+J,H,» INORG,CHEM, 4,B81(1965) NA ND F&

NIe2 V1
BALZ.D, AND K.PLIETH: Z,ELEKTROCHEM. 59-555(1955! K2 NT Fu
BAUR,W,H,s ACTA CRYST. 11,488(19%8) N
BILLY»C, AND H,MJHAENOLER: J,AM,CHEM,SOC, 79y10“9(l°57) NI F2
DYER+L,Ds E T AL,s J AM.CHEM.SOC, 76+1499(1954)  NA NT 07
KEELINGsR.0.»JR.s ACTA CRYST. lo»ao9ll957l NI o 04
LANDER»JsJer ACTA CRYST, 4,188(1951) 4 NI 02
OYCONNOR1BeH., AND DoHJDALEs ACTA CRYST, 2ln705(1966) NT § Nl.6 H2 O
SCHNERINGsHGev 2,ANORGJALLGEM,CHEM, 353,13(1967) AAZ NT 6
SHIRANE 6, ET ALer JoPHYS5,50C,JAPAN 18,1352(1959) NT TT
VAN NIEKERKtJuNee F.R SCHOENING. ACTA CRYST: 6:609(1953) NX(C H3 € 0 0)2.4 H2 0
WYCKOFF )R WuGoo CRYSTAL STRUCTURES 1,(1963) NI O
WYCKOFF,R,W,Gee CRYSTAL STRUCTURES 2,(1964) K NI F3

NI+3 VI LS
BLASSE1Ger JoINORGJNUCL.CHEM, 27,7648(1965) X3 NI Fi
SHANNONsR. INORG.CHEM. 6+ l#’M(IQQY] R3 VS v (PEHOVSﬂlTE)

NI+3 VI HS
BLASSErGer J.INORG.NUCL.CHEM, 27,748(1965)

NP+2 VI
WYCKOFFsR.W.Go» CRYSTAL STRUCTURES 1,(1963) NP O

NP+3 VI
SHANNON(R.D. AND C,T.PREWITT, YO RE PUBLISHED, R3 VS V (LA F3)

NP+§ VI

NPey VITI
SHANNONR,D. AND C,T,PREWITT, TO BE PUBLISHED. R VS A (FLUORITE)
WYCKOFF R M.6s» CRYSTAL STRUCTURES 1,(1963) NP 02

NP+? VI
=2 11
-2 I11
-2 1Iv

-]

]

o

Q-2 V1
0 -2 vIil1
[

S+t VI
SHANNON:R,D, AND C,T,PREWITT, YO BE PUBLISHED, R3 VS V (RUTILE}
3 VI

+5 1V

CRUICKSHANK D:W.Joe ACTA CRYST, 17,671{1968) NA P 03 N H3

CRYST, 17,672{1964)  NA4 P2 07,10 H2 O
CRYST, 17,674{1964)  NAS P3 010

CRUICKSHANK 1DsW.Jsr ACTA CRYST, 17,675(1964) (N HO}& P& 012
CRUICKSHANK:D W, J, ¢ ACTA CRYST, 17,679(1964) P2 5

CRUICKSHANK 1De¥.J.vr ACTA CRYST, 17,681{1964) RR P 03

FEHLMANN'Ms AND S,GHOSEe JoCHEM,PHYS, 41+1910(1966}  CU3 P o“ o HI3
GELLEReS, AND J.L.DUHAND: ACTA CRVST. 13,325(1960) L! N
JARCHOW:O,H,s ACTA CRYST, 17,1253(1964) NA2 H2 P& O

KEFFERvCa ET AL.+» INORG.CHEM, 5,119{1967) LI3 P 04

KIERKEGAARDP4s ARKIV XEMI. 18,521(1961) Mo P2 08

KIERKEGAARDPy ) ARKIV KEMIe 18,553(1061) NA MO 02 P 04
KIERKEGAARD:Ps AND S.HOLMEN: ARKIV KEMI 23,213(1965) A3 %0 P 06
KIERKEGAARD(P+ AND N.WESTERLUND» ACTA CHFM,SCAND. 18,2217(1963) WO P 0S
KRSTANOVIC:I.» Z.KRIST. 121,315(1965) Y P o4

PAULINGsL, AND J.SHERMAN: Z.KRIST, 96:881(1937) AL P3 N9
SCHWARZENBACH!D,.» Z.XRIST. 123,161(1566) AL P 04

WEBBsN.Cur ACTA CRYST. 21:982(1968) CA? P2 O7

ZEMANN»Jo» ACTA CRYST. 13,863(1950) LI13 P 04

v v

P +5 VI
Pa+l VI
PA+3 VI

PA+S VIII
WYCKOFF,R,W.G.» CRYSTAL STRUCTURES 1, (1963} PA 02

PAR¢5 VI

PA+5
!lo'N-D. EY AL,» JoCHEM,S0C., 1967Ar»1429 K2 PA F7?

PBe2 IVPY
BOUCHERsM.L, AND D.R.PEACOR, Z.KRIST, 126:98(1968) P8 51
BYSTROM,A, AND L.EVERSe ACTA CHEM,SCAND, 8:1613(1950) AR2 PB 02
KAY M.1,5 ACTA CRYST. 14¢80(1961) PB 0

PB+2 VI
MAGNELIsA,» ARKIV KEMI, MINERAL,GEOL, 15Rs 3(1942)  PB SB2 06
HOLLER)CsKer ACTA CHEM,SCAND. 8,81(1954) PB (N H4)2 (5 04)2
WYCKOFF R, ¥.Ger CRYSTAL STRUCTURES 2,(1964) €S PA F3

PB+2 VIt
FINNEY JsJer AM MINERALOGISY &8,1(19¢3) P8 =EZ (AS O83}2 {0 HI2
LECIEJEWICZ+Jo» Z,KRIST, 121,158(1965) PR M0 0
KAYsM,T,+ ACTA CRYSY, 14.80(1961) P8 O
QUARENI;S, ANO R.DEPIERIs ACTA CRYST, 1912Q7(1965) PB CR 04
WYCKOFF,R.¥,6.+ CRYSTAL STRUCTURES 1,(1963) P8 F

Pg+2 IX

COLBYIM,Y, AND L.J.B,LACOSTE, Z,KRIST. 84:299¢1932) PB C 03
PB+2 X1
NARAY=SZABO:T. AND 6,ARGAYs ACTA CHIM.ACAD.SCI.HUNG. 40,283(1964) P83 CR O4

PB+2 XI1
HAMILTONsW.C.r ACTA CRYST, 10+103(1957) P8 (N 0312
SAHL1Kso» BEITR,MINERAL.PFTRO6, 9:111(1963) PB S 0%

PB+4 VI
BYSTROMs A, ¢ ARKIV KEMI/MINERAL,GEOL., 25A¢13(1947) P8 O
SHANNON:R.Da AND C.Y;PREWITT, TO BE PUBLISKED, R3 VS V (HUY!LE!
SHANMNON:R,0. AND C.T,PREWITT, TO BE PUBLTSHED. R VS A (PYROCHLORE)
WYCKOFFoR.WaGer CRYSTAL STRUCTURES 2,(1964)  BA PB 03

A
PBes VIIT
SHANNON:R,0, AND C.YT,PREWITT, TO BE PUBLISHED. R VS A (FLUORITE)
PD+1 It
ROGERS+0.B. AND R,D.SHANNON» FALL A.CoS. MTG.eATLANTIC CTTY(1968) PD CO 02
PO+2 IVSQ
WASERsJ, ET AL, ACTA CRYSY, 6,661(1953) PD 0
+2 V1
BARTLETT)N: AND R.MAITLAND: ACTA CRYST, 11:747(1958) PR F2
PD+3 VI
HEPWORTH+M.A, ET AL.+ ACTA CRYST, 10,63(1957) PD F¥
PD+4 VI
SLEIGHT/A,¥.» TO BE PUBLISMED., R VS A (PYROCKLORE)

PH+3 VI
TEMPLETON:D.Hs AND C,H.DAUBEN:» J.AM.CHEM.SO0C, 76,5237119%a) PMZ 03

PO+ VIIT
SHANNONsR,D. AND C.T,PREWITT, TO BE PUBLYSHED. R VS A [FLUORITE)

PO+6 VI

PR+3 VI
FERTeAs» BULL.SOC,FRANC,MINERAL CRIST, 85¢267(1962)  PR> 03
TEMPLETON¢D,He AND C,H,DAUBEN) J,AM,CHEM.S0C. 7605237(1954) PR2 03

PRe3 VIII
SHANNON)R,D. AND C,T,PREWITT, TO BE PUBLISHED. R VS A (PYROCHLORE)

PRey VI
WYCKOFF)R,W.6.+ CRYSTAL STRUCTURES 2, (1964) BA PR 03

PRey VIIX
WYCKOFFsR.W.G.» CRYSTAL STRUCTURES 1,(1963) PR 02

PT+2 VI

PT+8 VI
BJORLING»Ce0.r ARKIV KEMIsMINERAL.GEOL. 18Br2(1942) X2 PT (0 H)6
HOEKSTRA»HiR: AND S.SIEGELe INORG.CHEM, 70141019683 TL2 PT2 O7
MELLOR/D.P« AND N,C.STEPHENSON, AUSTReJ.RES. YAG06(1551) K2 PT F&
SHANNON)R.D.» SOLID STATE COMM. IN PRESS, R3S VS V (PT 02)

PU+3 VI
SHANNONJR,D. AND C.T.PREWITT, YO BE PUBLISHED, R3 VS V (LA F3)

Pusa VI
WYCKOFF R.W.Ger CRYSTAL STRUCTURES 2,11968) BA PU 03

Puss VIII
WYCKOFF R W Ger CRYSTAL STRUCTURES 1,01963) PU 02

RA#+2 VI

RB+1 VI
HOPPE:R, AND H,SABROWSKYr: Z.ANORG,ALLGEM.CHEM. 335,186{1965) RA SC 02
PLYUKHINYV.V. AND NoV.BELOVs SOVIET PHYS.=CRYST. 6:685{1962) RB RE2 FS
WYCKOFFoR.M.Gar CRYSTAL STRUCTURES 1,(1963) RB F

Re+y VII
CORBRIDGE:D.EsCqr ACTA CRYST, 9,308(1956) RB P 03
CRUICKSHANK¢DaWedoe ACTA CRYST, 17:681(1963) {RR P 03)

Re+1 VIII
ANDERSSON+Se AND A.D.WADSLEY, ACTA CRYST, 15,194(1962) RA2 716 013
BURNS»J.H. AND WeR,BUSING, INORG.CHEM, 8+1510(1965) RB LY
CRUICKSHANK Do MoJer ACTA CRYST, 17)6A1(1964) (Rp P 03]

R8+
ELL!NGER'F.N. AND WeRoZACHARTASEN: J,PHYS,CHEM, 58,405(19%4) RB AM 02 C O3
HOARD¢J.La AND V.BLAIRy J,AM,CHEM,S C. 57+1985{1535) R 8 F4

RE+a VI
SHANNONe AND C.T,PREWITT: TO BE PUBLISHED. R3 VS V (RUTILE)

RE+S
DONOHUE.U Co ET AL+ INORG,CHEM, 401152(1965) c€n2 RE2 07

RE+6 VI
WYCKOFFeR.WoGevr CRYSTAL STRUCTURES 2,(196%8) RE 03

RE+T IV .
KREBS+B. ET AL.» CHEM,COMM. (19681263 RE2 07
MORROW+ JoCoe ACTA CRYST, 13:+483(1960) K RE 04

RE+? VI
KREBS»B, ET AL.» CHEM.COMM, (1968)263 RE2 07

RH+3 VI
HEPMORTHoM.A, ET AL.1 ACTA CRYST. 10,63(1957) RH F3
SHANNON,R,D.» INORG,CHEM. &+1478(1967) R3 VS v {PEROVSKITE)
SHANNONsR,D, AND C,T,PREWITT, YO BE PUBLISHED. R VS V (CORUNDUM)

RH+4 VI
SHANNON, AND C.T.PREWITT: TO BE PUBLISHED. R3 VS5 V (RH 02)

Ru+3 vI
HEPWORTHsMsAy ET ALe¢ ACTA CRYSY, 10,63(1957) RU F3
SHANNON(R.D. AND C.T.PREWITT, TO BE PUBLISHED. R3 VS V (PEROVSKITE)

Ru+n V1

COTTON+FoAs AND JoToMAGUE+ INORG.CHEM, 5¢317(1965) RU 02

DONOHUE +P,Cy ET AL.+ INORG,CHEM, 4)306(1965)  BA RU s
SHANNON,R.D. AND C.T,PRENITT, TO BE PUBLISKED: R VS A (PYROCHKLORES)
SMANNON.R.D. AND C.T.PREWITT, To BE PUBLISHED. RS VS V (RUTILE)

7

-2 V1

4 VI

w,

+6 1V

BAUR)W.Har ACTA CRYST. 17,863(1964) MG 5 Obe& H2 O

BAUR:WaHse ACTA CRYST. 17,1167(1968) MG S 08,7 H2 O

BAURs W, Her ACTA CRYST, 17:1361(1964) FE S 08,7 W2 0

CROMER!DWTs ET AL,r ACTA CRYST, 21,383(1966) CS AL (S 042,12 H2 O
GRAEBER(E,J. ET AL.» AM,MINERALOGIST 50,1929(1965) X FF (S 04)2
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Table 1(d) (cont.)

GRAEBER,E,J, ET AL,+ AM,MINERALOGIST 50.1929(1965)
HOHNE €.+ SOVIET PHYS.=CRYST, 7,559(1963) CA S OW
KOXKOROS+P.A, AND P.J.RENTZEPERIS, 2 ,KRIST. 119,234(1963)
LARSONsA.Co¢ ACTA CRYST, 18,717(1965) LI2 S Q4.H2 O
O*CONNOR¢BosH. AND D.HJDALEs ACTA CRYST, 21,705(1966)
RENTZEPERIS,PadJ. ¢ Z,KRIST, 117,431(1962) SN S o4
SAHLoK,¢, BEITR,MINERAL,PETROG. 9+111(1963)
SAHL,X,, BEITR,MINERAL,PETROG, 9,111(196%)
ZALKIN:A, ET AL, ACTA CRYST, 15,121901962)

MG (N H4)2 (5 0412.6 H2 O

HG S Ou
NI S Q8.6 H2 0

CO S 04.6 X2 0
S 46 VI

SB+3_IVPY
BYSTROM,A, ANO K.WILHELMI, ARKIV KEMI 3,373(1953) €S SR? F7
ROGERSsD. AND A.C.SKAPSKI, PROC,CHEM,SOC, 12,400(1964)  SB2 0%
SKAPSKI»A,C. AND D.ROGERS: CHEM.COMM, (1965)611 SR N8 N4

SB+3 V
BYSTROM,A, ET AL.s ARKIV KEMI 4:175(1952) K SB Fu4
BYSTROM)A. ET AL.» APKIV KEMI 6:77(19%3) MNA SB Fi
S8+3 V1
58+5 V
AURTYVILLIUS,B.» ARKIV KEMI 3,153(1951) BI S8 0%

AURIVILLIUS+Bes ARKIV KEMI 25,505(1966) K3 S85 014
BODE«H, AND E«VOSSe Z.ANORG.ALLGEM,CHEM, 264,144(1951)
BURNSerJ.H,r ACTA CRYST, 1511098(1962) LI 5A F
BYSTROM, A, ET ALes ARKIV KEMI¢MINERAL.GEOL. 15B¢Hu(1962)
MAGNELIsA,» ARKIV KEMI+MINERAL,GEOL, 15B:¥3(1942) P8 5Q2

X SA F&

ZN SB2 06
06

ROGERStD« AND A.C,SKAPSKI, PROC.CHEM,SOC. 12,400 (1964) @& 582 ou
SCHREWELIUSs/M.s ARKIY KEMI/MINERAL,GEOL, 16B,K7{1543) L SA F6
SPIEGELBERG, ARKIV KEMI/MINERAL,GEOL, 14A,H5(1640) X SA 03

TEUFERsG.» ACTA CRYST. 9:539(1956) NA S8 Fg

ZEMANNs Jo» NEUES JAHRB.MINERAL .MONATSH, 67.(19%9) NA S8 (0 W6

SC+3 VI
ABRAHAMS»S,Co AND J.L.BERNSTEINs, J.CHEM.PHYS, 45,2745(1966) SC2 (w Qu)3
CRUICKSHANK:D.W,J, ¢+ ACTA CRYST., 15,491(1962) SC2 S12 07
GELLER«S, ET AL,» Z,KRIST, 124,136(13967) Sc2 03
HOPPE+R, AND H,SABROWSKYr 2,ANORG,ALLGEM.CHFM, 3 sa.lua(lneSI K SC 02

ET AL.» Z,ANORG.ALLGEM,CHEM, 339,130(1965) LI SC

K, LUKASZEWICZy BULL.ACAD. PDL SCY.21SER.SCT,CHIM, 1“1“9911966) Ca SC2 Ou
JACK K H, AND V,GUTMANNs ACTA CRYST. 4,246(19%1) SC F3

MILLIGAN+WeOo AND JoL.MCATEE, J,PHYS,CHEM. 60:273¢(19%6) SC 0 O H
MULLER=BUSCHBAUMIH,» H.G.SCHNERINGs Z.ANORG,ALLGEM,CHEM, 336,295(196%5) CA SC2 04
NO'ACKX!H.: Z.XRIST» 101,273(1939) SC F3

ROTH/R.Ss AND S,J,SCHNEIDER: JJRES.NATL,AUR.STD. 64A+309(1960) R3 VS V (MN2 03)
SCHUBERT K., AND A,SEITZs Z,ANORG.ALLGFM,CHEM, 256,22611948) SC (D W3

SHANNON R, D, » INORG . CHEM, 6:1574¢1967) R3 VS v (MN2 03)

SC43 VIII
MOONEY R.CsLo+ ACTA CRYST, 9,677(1956) SC P ON
MILLIGAN,WsO, AND LoWsVERNON: J,PHYS,CHEM. 56¢145(1952) 5C V ou
SHANNON+R.D, AND C.T,PREWITT, TO BF PUBLISHED. R VS A (PYROCHLORE)

SE-2 VI
SE¢4 VI

SE+6 IV
FUESSsH, AND G,WILL¢ Z,ANORG,ALLGEM,CHEM. 358+125(1968} LJ 04
NARAY=5ZABOr1s AND G,ARGAY» ACTA CHIM.ACAD.SCT,HUNG. 39-55(!963) NA2 SE 04
SE+6 VI

SI+u
ABRAHAMS,S.C. AND S.GELLERs ACTA CRYST, 11,437(1958)
BROWN+B,E. AND S.W.BAILEY, ACTA CRYST. 17+1391(1964)
BUﬂNHANyC.'-- 2.KRIST. 118+337(1963) AL2 ST 05
CRUICKSHANKsDeWJo v ACTA CRYST, 17:685(1964) S1=0
GIBBS G,Ve AND JeV.SMITH) AM,MINERALOGIST SN.2023(1965) MG3 AL2 SI3 D12
GLASSERsL.S.D« AND F.P,GLASSER, ACTA CRYST., 18,4%531196%) SR3 ST 05
LIEBAUsF.» ACTA CRYST. 14,395(1961) NA2 SI2 05
LIEBAUSF,.» ACTA CRYST, 1443991961} LI AL sIa 010
MROSE 'M AND D.F.APPLEMAN, 2,KRIST, 117+16(1962) AL RE ST O4 O H
PEACOR, « AND M, J.BUERGERs 2,KRIST, 117+331(1962) CA MN SI2 06
PRANDLsW.1 Z.XKRIST. 123,81(1966) AL2Z CA3 (ST 04)3
RENTZEPERISP.Jer 2.KRIST, 119.117(1963) IN2 MN (O Nl2 ST ou
SMITHsD.K., ET AL.» ACTA CRYST, 18,78711965) ca2 St
SMITHsJ,V, AND S.W.BAILEYs ACTA CRYST. 16¢801(1963) 52-0
WILLIAMS:P.P, AND H.D.MEGAWs» ACTA CRYST., 17+882{1964) ALBLYES
2EMANNIA. AND J.ZEMANNe ACTA CRYST, 14,835(1961) MG3 AL2 513 012

GROSSULARITE
K AL SI3 o8

S1e4 VI
DEADMORE +DuL. AND W.F,BRADLEYs ACTA CRYST. 15,186(19621
HAMILTONs¥aCor ACTA CRYST, 15:353(1962) FE SI F6e6 H2 ©
HOARDrJ, L. AND M,B,WILLIAMS, J,AM,CHEM.S0C, 64,633(1942) (N H&)3 ST F?
STANKOs JoAs AND I,C.PAULs INORG,CHEM, 6,48611967} (CO (N HM3)S CL) ST F6
STISHOV,S.M. AND N.V.BELOVs DOK lxlD.NAUl SSSR 143¢951(1962)  SI 02
VAINSHTEINsB.K, AND M,M,STASOVA: SOVIET PHYS,=CRYST, 1,201(1956) (N H3)2 ST F6
ZALKINsA, ET AL.¢ ACTA CRYST, 17,1408(1968) NA2 ST Fe

X3 S1 F7

SMs3 VI
TEMPLETONsD.H. AND C.H.DAUBEN: J,AM.CHEM.SOC, 76¢5237(19%¢) SM2 03

SM+3 VIII
BRISSEsFa1 PH.O,THESIS/DALHOUSIE UNIV,sHALIFAX/N.S.(1967)  GM2 M2 07
EULER+F, AND J,A.BRUCE, ACTA CRYST, 19:971(1965) SM3 FF2 FES 012
SHANNON,R,D. AND C.T.PREWITT, TO BE PUBLISHED. R VS A (PYROCHLORE)

SNe2 VI
SNe2 VIIT

BRISSE¢For» PHeD,THESIS:DALHOUSTE UNIV.rHALIFAXIN.S, (1967} SN2 M2 07
SN+& VI

BAUR W Moo ACTA CRYST., 9,515(1956} SN 02

BRISSE«F.» PH.D.THESIS:DALHOUSIE UNXV.:HAL!FIXvN-S.(1q67) M2 SN2 07

HOPPE+R, AND W,DANNEe, NATURWISS, 49,258(1962)
LARSEN¢F oKs ET AL.e ACTA CHEM,SCAND, 21.1231119671 u‘a SNU GE10 030 (0 HI&
WYCKOFF ,R.W.6.+ CRYSTAL STRUCTURES 2,(1964) M SN 03
SRe2 V1

BARTLsH, AND W,SCHUCKMANN: NEUES JAHRB.MINERAL,MONATSH, 1966253 SR2 B2 05
GLASSER,L,S.0. AND F.P, GLASSER., ACTA cnvsr. 18,453(1965) SRS SI 05
RIETVELDsH.M.r ACTA CRYST, 20,508 U 08

WYCKOFF R, W.Gos CRYSTAL STnucvulEs l.(lve:) Sﬂ 0

SR+2 V1I
BARTLsH, AND W,SCHUCKMANN, NEUES JAHRB.MINERAL . MONATSH, 1966,253 SR2 B2 05
SCHNERING+H,Gos AND R,HOPPEs 2,ANORG.ALLGEM.CHEM, 312,87(1961) SR 2N 02

SR+,

RBAQN}GNAUSENnN. AND J.WEIDLEINs ACTA CRYST, 22-252(1967)
SMITH)H,Gos ACTA CRYST. 6,604(19531 SR (0 H)2.8 H2 O
VANNERBERG*N.+ ARKIV KEMI 1%,17(19%9) 0
WILHELMI¢+KeAor ARKIV KEMI 26,149(1967)
WILHELMIoK A, » ARKIV KEMI 26,157(1967) SR2 CR 04
WYCKOFF R, M,G.+ CAYSTAL STRUCTURES 1,(1963) SR F2

SR {0 MI2,H2 O

SR+2 X
CLARK+J, Ry s AM MINERALOGIST 49,1549(1964]
FERRARI¢#A. ET AL.» ACTA CRYST, 21:68)(1968)
ZACHARTIASEN/W.H.» ACTA CRYST, 1,263(1948}

SR B6 09 [0 HI2,% H2 O
SR {MN 04)2,3 H2 0
SA3 (P Our2

SR+2 XI1
DONNAYrJ.DeHe ET ALsv CRYSTAL DATA DETERMINATIVE TAELES(IQG!)
GARSKErDs AND D.R.PEACORe 2,KRIST, 121,204{1965) SR

SR TT 03

ZACHARIASEN:W.H,+» ACTA CRYST, 1,263(1948) SR3 (P OHlZ
TA+3 VI
HEPWORTHsMsAys ET ALer ACTA CRYST, 10,63(19%7) Ta F3

JAKNBERGsL«r ACTA CHEM,SCAND, 17:2548(1963) CA TA2 06

TAsu VI
SHANNON,R,D, AND C.T,PREWITT, TO AE PUBLISHED R3 VS V (RUTILE)
TaeS VI
ABRAHAMSS,C, AND J.L.BERNSTEIN: J,PHYS,CHEM,SOL1DS ?6:16!5(!967) LI TA 03
ABRAMAMS»S.C, ET AL.s J.PHYS,CHEM.SOLINS 28,1693(1967) LT TA
BODE,H, AND H.DOMREN, ACTA CRYST., 11,B0(1958) K TA F§
BRISSEFy» PH.D, THESISs DALHOUSIE UNXV-leLl‘AXrN.S.(l°67, h2 Ta2 o7

VOUSDEN:P,» ACTA CRYST. 4,373(1951} K TA O
WYCKOFF 4R, W,Ges CRYSTAL STRUCTURES 2,(1964) K TA 02
XYCKOFF,R.M,G.vs CAYSTAL STRUCTURES 2, (1964) NA TA 03

TA+5 VIIT
HOARD*J,L¢ ET ALe» J.AM,CHEM,SOC, The3820(1954) NAS TA FAR
TB+3 VI
TEMPLETON:D Mo AND C,H,DAUBEN: JoAM.CHEM.SOC, 76:5237(1954) 182 03

TB+3 VIII
SHANNON:R,D. AND C.T,PREWITT, TO SE PUBLISHED, ® VS A (PYROCHLORE}

TB+4 VI

SHANNONR,D. AND C.T.PREWITT, UNPUBLISHED DATA, R3I VS V (L12 SN 03)
Te+u VIIT

WYCKOFF,A,W.G.» CRYSTAL STRUCTURES 1,(1963) T8 02

TCeu VI

SHANNON,R.D. AND C.T,PREWITT, TO BE PUBLTSHED. R VS A (PYROCHLORE)
TCe7 VI
Te=2 VI

TEeu 111
HANKEeK,s NATURWISS, 54,199(1967) ZN TF 03
TE+4 IV
TE+n VI
TEes VI

THe4 VI
RUHsR, AND A.D,WADSLEY, ACTA CRYST, 21:974{1966) TH TI? 06
THee VIIT
LUNDGREN+Gas¢ ARKIV KEMI 2,535(1950) TH 10 HI2 S O
LUNDGREN¢Ge AND L,6.SILLEN: ARKIV KEMI 1+277(1949)
WYCKOFF +R.W.Ge» CRYSTAL STRUCTURES 1,[1963)  TH 02

THeo IX
ZACHARIASEN»WoH.+» ACTA CRYST, 2,390(1949)

TH (0 HI2 CR 04 H2 O

NA TH2 F9
TI+2 VI

TI+3 vI

ABRAHAMSsSeCar PHYS.REV, 130,2230(1963) TI2 03
BERTAUT.E,F, AND P,BLUM, ACTA CRYST, 9,121(1956) CA T1? 04
NEWNHAM,R,E. AND Y,M,DEHAAN: 2,KRIST, 117:235(1963) T12 03
SHANNONsR,D.» TINORG,CHEM. 6¢1474(1967) R3 VS V (PEROVSKITE)
SIEGEL+S.+ ACTA CRYST, 9,6B4(1956) TI F3

Tisu V
ANDERSSON»S. AND A.D.WADSLEY, ACTA CHEM,SCAND. 15:663(1961) K2 712 0%
GUILLEN,H, AND E.F.BERTAUT: COMPT.REND,+SER.A+B 262P,962(1965) LI12 71 05

MOORE+P,B, AND J.LOUISNATHAN, SCIENCE 156¢1361(1967) BA2 (Tl 02 S72 07

Tieu
ANDER5$0NAS. AND A.D,WADSLEY, ACTA CRYST, 14,1245(1961) NA2 TI3 07
ANDERSSON1S, AND A.D,WADSLEY, ACTA CRYST, 15,19u(1962) NA2 T1s 013
BAUR/W.H,» ACTA CRYST, 9,515(1956)  TI 02
BRISSEsF, s PH.D.THESIS,DALHOUSIE UNIV. MALIFAX,N,S.(19671 M2 TI2 07

EVANSsH, T, e JR.e ACTA CRYST. 4r377(1951) BA TI 03

FISCHER;J, ET AL.r ACTA CRYST, 22,338(1967) CU TT FG.Q H2 n
KNOP+O, ET ALer CAN,JoCHEM. 43,2812(1965) ER2 T12 O
RUHsR. AND A,D,WADSLEY, ACTA CRYST. 21,97411966)
SHIRANE, Gy ET AL.r» J,PHYS.SOC.JAPAN 14,13%2 (1959)
SIEGELsS.s ACTA CRYST. 5,683(1952) K2 T1 Fe
TEMPLETON¢DoHe AND C.H.DAUBEN) JoCHEMoPHYS. 52-151511960)
WEISS!R, ET Al,» ACTA CRYST, 20.,534(1966) NA3 H TI Fa
WYCKOFF¢R.¥.6.» CRYSTAL STRUCTURES 2,{1964) SR TI 03

YM T2 08
M TT O3

m

RA T14 09

TLel VI

SHANNON.N D. AND C.T,PREWITT, UNPUBLISHED DATA, R VG A (NA 5B F6)
TLey VIIT

BROSSET.C ZANORG, ALLGEM,CHEM, 239,301(1938) TL AL Fu

SHANNON+R,D. AND C,T.PREWITT, UNPUBLISHED DATA., R3 VS V (SCHEELITE)
TLer X1

SCN!EIELIUSJN-u ARKIV KEMI MINERAL GEOL, 168,87(1943) TL SR F6
SHANNONsR,D, AND C.T.PREWITT, UNPUBLISHED DATA. R3 VS V (TL S8 F6)

TLe3 V1
HOPPE /R, AND H,JsROMRBORN: Z,ANORG.ALLGEM.CHEM. 329,199(1964)  NA TL 02
JOHANSSONIG, ¢ ACTA CHEMJSCAND, 13,925(1959) TL O H S 04 (H2 0)2,5

MOONEYsR,CeLor ACTA CRYST, 9,113(1956) Tw e 01
PAPAMANTELLOSsP,r Z.KRIST, 126,143(1968) T2

ROTH)R,S.r S.J.SCHNEIDER» J,RES,NATL,BUR.STD, 6“‘1509(19&0) R3 VS v (MN2 03!
TL+3 VIIT

HOEKSTRArHeR. AND S.STEGEL+ INORG,CHEM. 7¢14111968) TL? PT2 07

Tu+3 VI
TEMPLETON»D.Ho AND C,H,DAUBEN: J.AM,CHEM.SOC. 76,5237(195u)  TM2 03

TM+3 VIIT

SHANNON,R.D. AND C.T,PREWITT, TO BE PUBLISHED. R VS A (PYROCHLORE!

c

«3 VI
SMANNONsR.D. AND C.T.PREWITT, TO BE PUBLISHED. R3 VS V (LA F3)

<

4 V1

<

o4 VII
ZACHARTASEN/W.H.» ACTA CRYST, 7,792(1954) K3 U F7
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Table 1(b) (cont.)

[

44 VIIT

BRUNTON1 6.+ ACTA CRYST. 21,814(1966) LI U FS
BRUNTON; G, » Jo INORG.NUCL.CHEM, 29,1631(1967)
DURIFsA,» ACTA CRYST. 9+533(1956) U GE 04
LARSONsA:Cs ET Ab,r ACTA CRYST, 17,555(1964) U F4
WYCKOFF R ,W.Bar CRYSTAL STRUCTURES 1,(1963) v 02

Lis U F8

ZACHARIASEN WoH, ¢+ ACTA CRYST, 2,390(1949) NA2 U Fé&
U 44 IX

ZACHARTASEN)WaH,» ACTA CRYST, 2,390(1949) u2 F9
U +s VI

ROSENZWEIG)A. AND D.T.CROMER, ACTA CRYST. 23,865(1967) €S U Fe
K2 U F6

ZACHARTIASEN)WeH.» ACTA CRYST. 2¢390(1949)

ZACHARIASENIW.H,» ACTA CRYST, 2,390{1949} NA2 U F6
U +S VII
LOOPSTRA/B4O, ¢ ACTA CRYST, 17,651(19s4) U3 08
ZACHARIASENIWiH,» ACTA CRYST, 2,296(1949) U FS
U +6 1X .
ZACHARTASEN:W.H,» ACTA CRYST, 7,783¢1954) X3 U 02 £S
U +s Iv
ROSSsMs ET AL.» AM.MINERALOGIST 89,1603(1964) CY (U 02 P 04)2,8 H2 0O
u
BARYRAMIS Fur INORG-CN!N. 5r789(1966) LU6 U 012
TS TA CRYST, 21,589(1966)
.- Ac‘u CRYST, 20+508(19656) ns u 06
AND H.R, KOEKSTRA, ACTA CRYST. B241967[1968) CU U C4
STEARNS M, » ACTA CRYST. 23,268(1967) PB3 U 06
W.6er CRYSTAL STRUCTURES 2, (1968) U 03
2ACHARTASENsWaH.» ACTA CRYST, 7,788(1958) MG U2 04
U +6 VII

1
DEBETSiP.Cs¢ ACTA CRYST, 21:589(1966) u o3
LOOPSTRAsB10,» ACTA CRYST, 17,651(1963} U3 oa
SIEGELsS. ET AL,» ACTA CRYST. 20,292(1966} U 03

v e2 v
uoNYsouERY-M. ET ALs» ACTA CRYST, 22,715”967) v (N He)2 (S 04)2,6 H2 O
WYCKOFF)R.W.G.» CRYSTAL STRUCTURES 1,(1963)
V +3 VI
HEPWORTHIMsAe ET AL.o  ACTA ERVSY. 10,63(1957) VvV F3
NEWNHAM:R,E, AND Y,M.DEHAAN: Z,KAIST, 1179235(1962)
SHANNONRoOye INORG:CHEM, 6,3478{1967) R3 VS V (PENJVS'ITE)
WYCKOFF«R. «» CRYSTAL STRUCTURES 2,(196&} CEV
Vv os5 VI
ANOERSSON»Ges ACTA CHEM,SCAND, 10:623(1958) v 02
KIERKEGAARD:P. AND . LONGOs UNPUBLISHEOD DATA, Vv 02
SHANNON.R,D. AND C,T,PREWITT, TO BE PUBLISHED, R3 VS V {RUTILE}
WYCKOFF¢R.¥.5.s CRYSTAL STRUCTURES 2,(1953} CA V 03
vV +5 IV
AUPP.K.Le AND C,CALVO, CAN.J,CHEM, 45,2297(1967) CD2 V> 07
BAGLIOvJ.Ae AND G,GASHUROV,» ACTA CRYST, B24,292(1968) Y V oW
AND W,H.BARNESs AM, ”XNFRALOG!“' uD-SBDIl?%i) PR MN (V 08) (0 H)
2,KRIST. 12’51257(19601 K ¥V 0
2.KRIST, 114,257(1960) N Hy
ND LyWaVERNON: J.PHYS,CHEM, 56:1"5!1952' MY 04
PATSCHEKEsEs ET AL,s CHEM,PHYS,LETTERS 2.47(1968) ER V o4
SHANNON(R.D. AND C.T,PREWITT, TO BF PUBLISHED. R3 VS V {21IRCON)
Vs v
CHRISTiIC.Le ET AL,s ACTA CRYST, 7,B01(1958} X V 03.H2 0
EVANS+H,T,.oJRsr AND S.BLOCK, INORG,CHEM, 5r1808(1966) K V3 08
6ALY+J. AND A.HARDYs ACTA CRYST, 19,432(1965) LI V2 05°
¥ 45 VI .
CAUGHLANYCoNs ET AL.r INORG.CHEMs 5¢2131(1966) v 0 (0 € H¥)3
EVANS»H,TooJRer AND S.BLOCK» INORG.CHEM, S¢1R08(1966) X vy 08
EVANS+H.To¢JRes AND S.BLOCKs INORG.CHEM, 5¢1808(1966) €S Vs 08
SWALLOW:A,Gus ET AL.» ACTA CRYST. 21,397(1966)  CA3 V10 028,17 H2 ©
M 43 VI
SHANNON¢R,D. AND C.Y.PREWITT, TO BE PUBLISHED. R3 VS V [RUTILE)
W +6 IV
ABRAHAMS1S4Cys AND JiL :BERNSTEIN, J.CHEM, PMYS‘. us.z'lusn%m Sc2 (w 0a)d
BURBANKsR,Dy» ACTA CRYST, 18,8B(1965) CcA
TEMPLETONsDoH» AND A,ZALKINe ACTA CRYST. !6'762(196!) FU2 (¥ 04)3
ZACHARTASENsW H, AND H,A,PLETTINGERe ACTA CRYST, 14,229(1961) LI2 w O%
ZALKINs A, AND D,H,TEMPLETON:, J,CHEM,PHYS, 40,501(1964) €A W 08
¥ 46 VI

KEELINGIR,O.rJR.» ACTA CRYST, 100209(1957} NI W 04
KIERKEGAARDPar ACTA CHEM,SCAND, 12r1715(1958) ¥ 0 P2 07
LOOPSTRA1B10s AND P,BOLDRINI,» ACYA CRYST. 21¢158(1966) ¥ 03
ULKUsDy» 2.KRIST, 2126+192(1967) FE W 0%

=
¥

BARYRAH,S For INORG,CHEM, S,749(1966) Y6 U 012/LU6 U 012
BEM’AUY-F. AND J(MARESCHALs COMPT.REND, 257:867(1963) Y AL 03
FERY.A ULL .+ SOC,FRANC JMINERALCRIST, 85257019621 Y2 05

.Al AND H,L,YAKELs» ACTA CRYST., 22¢354(1967) Y2 8E
H\)LLER'BUSCNBAUMI Z+ANORG ,ALLGEM.CHEM. 35Rr13A(196A8) SR \'2 os
PATON!M,Go AND E. ASLEN, ACTA CRYSY, 19:307(1965) Y2
SMANNON:R.Q. AND C.T, PREWITT, TO BE PUBLISHED.

R VS A (P\‘ROCHLOREI

Y +3 VIIT g
BAGLIOJ.A. AND G,GASHUROV: ACTA CRYST. B28+292(1968) Y V 04
BATT,A, ANO B.POST: ACTA CRYST, 15,1268(1962) Y3 FFS 012
BRISSEsFer» PHeD,THESISIDALHOUSIE UNIV.sHALIFAXrNoSs(1967) Y2 M
CUNNINGHAMrJ A, ET AL.» INORG,CHEM. 6+499(1967) Y (C5 H? 02)! 3 NZ 0
EULER+F, AND J,A+BRUCE, ACTA CRYST. 19,971(1965)
SELLER¢Ss AND M,A,GILLEOs ACTA CRYST, 10+239(1957)
KRSTANOVICeI.0 2,XRIST, 121,315(1965) Y P 0%
MILLIGAN+WsO4 AND LoWoVERNONs J,PHYS,CHEM, S56¢145(1952) Y vos
ZALKINsA, AND DoH,TEMPLETON: J,AM,CHEM,SOC, 75,2853(1953) Y F3

3 M5 0
s ’ES 012

Y +3 IX
FRICKEsR+ AND W,OURRWACHTER?® Z4ANORG,ALLOEMsCHEM, 239¢30%¢1949)

Y to 3
Ye+3 VI
FERT Ay » BULL.SOC,FRANC,MINERAL,CRISY. 85¢267(1962) YB2 03
TEMPLETON:D.He AND C,H.DAUBEN: J.AM,CHEM.SOC, 76:5237(1954) Y82 03

Y8+3 VIIT
EULERF, AND J,A.BRUCEs ACTA CRYST, 19:971(1965) YRS MS D12
MILLIGANIW.O, AND LoW.VERNON) J.PHYS,CHEM: 56/145(1952) YB V 0
SHANNON)R,D. AND C.T.PREWITY, TO BE PUBLISMED- R VS A (P"ROCHLORE'

ZN+2 1V
ANSELL1GsBe AND L,KATZs ACTA CRYST, 21+482(1966) ZN2 M03 08
CALVOIC 1 J,PHYS,CHEM,SOLINS 24,141(1963} 2N3 (P 0812
COREY:R AND R.W,G,WNYCKOFF) Z,KRIST. 86¢8(1933) ZN (0 H)2
PREWITY.C,T ET ‘L Z,KRIST, 124,115(1967} PB ZN Sl 00
RENYZE"ERI +KRIST, 119,117(1263) N2
SCHNERINGrH. 6 AND R,HOPPEe Z.ANORG<ALLGEM, CNEH- 512.67(196“ SR 2N 02
SCHNERING#H, G+ ET AL,» 2.ANORG,ALLGEM.CHEM, 305:2“1(195’1) RA 2N 02
SMITH!P, ET AL.s Z,KRIST, 119137511968} ZNb
SPITSBERGER:Us» ACTA CRYST. 13,197(1960)
STEPHENSrJeSe AND CoCALVOs CANyJCHEM, 0512505[!967) 2N3 (P 0%)2

Ne2 V

ABRAHAMS¢SoCor JoCHEM,PHYS, 66)2052(1967) _ ZN MO 04
COCCOrG, ET AL,¢ Z.KRIST., 123132111966} INZ 10 KY P O&
HANKE#K,» NATURWISS, 53:19911967) 2N TE O

MONTGOMERYsH, AND E.C.LINGAFELTER) ACTA CRYST. 16;7‘49(1963)
PLIETH/K. AND G,SANGER: Z,KRIST, 124,9111967) 2ZN2 CU A
STEPHENSsJeSs AND C.CALVOs CAN,J.CHEM. 451230301967

lN (€5 H? 02)2 H2 0

Z‘l! lP okr2

2ZNe2
lalAHAMS-S-C.v JoCHEM.PHYS, 461205211967 MO Ob
ANSELL»G.Be AND L,KATZ» ACTA CRYST, 21.!82(!966) ZN2 MO3 OA
BATES+C,H, ET AL.r SCIENCE 137,993(1962) N

BAUR:WoHee ACTA CRYST. 11,488(1958) 2N
BYSTROMsA, ET AL.s ARKIV KENDMINERAL.GEOL- 15844 (19642) 2N SB2 06
CALVOrC,» CAN.J,CHEM, #3¢1147(1965) 2ZN2 P2 07
CALVO/C.r J.PHYS.CHEM,SOLIDS 26,3141(1963)  2N3 [P O4)2
GIGLIOIMer ACTA CRYST. L1¢789(1958) NA2 ZN (S 04)2,8 H2 O
SCHNERING+H.Ger 2.ANORG.ALLGEM,CHEM, 353,13(1967) alz 7N Fé&
WYCKOFF yRoWoGar CRYSTAL STRUCTURES 2, 11964}  AG 2N F
WYCKOFFsR.WoGor CRYSTAL STRUCTURES 2, (1964} K ZN FS
ZR+4 VI
LA2 ZR2 O7

BRISSE+F++ PHeD,THESIS:OALHOUSIE UNIV. HALIFAX/N.S. (1967}
JONAF, ET ALe» PHYS,REV. 105:849(1957) PB 2R O
SHANNON,R.D, AND C,T.PREWITY, YO BE PUBLISHED. R VS A (PYROCHLORE)
WYCKOFF oRo W oG s CRYSTAL STRUCTURES 2,(1968)  BA 2R 03
WYCKOFF R WeGa'r CRYSTAL STRUCTURES 2, (1968) SR 2R 03

ZR+4 V11

LUNDGREN+ G+ ¢ -ARKIV XEMI 13¢59(1958) 2ZR& [0 H)6 (CR 04)5,2 H2 O

SMITHID,K. AND H.W.NEWKIRK: ACTA CRYST, 18,983(19¢5) ZR 02
ZR+& VIIT
BODE,H, AND G.TEUFER, ACTA CRYST., 9:929(19561 K2 2R F6

BURNS:J,H, ET AL.» ACTA CRYST, B250230(1968) NA7 ZR6 F31
KRSTANOVICsI,R.» ACTA CRYST. 11,896(1958} ZR°SI o4
LARSONsA,Cs AND D,T. CROMERs ACTA CRYST, 14r128(1961})
SEARSID,R. AND J.H.BURNS» J.CHEM.PHYS. 4103078(1364}
SINGERsJs» AND D,T.CROMERs ACYA CRYST, 12-7wt1959)
TEUFERsGss ACTA CAYST, 15,1187(1962)" ZR 02
MYCKOFF Ry W Gar CRYSTAL STRUCTURES 1,(1963) R 02

7R {1 O34
LT6 RE F4 ZR F&
ZR (5 04)2,8 K2 O

* This is not intepded to be an exh:austive list of references for each ion. For example, there are many references in the litera-
ture to certain ions in the usual coordinations such as VIAI3+ and some of these have been omitted to save space. For those ions
and coordinations which occur rarely such as IVCrS+ or VZn2+, the list is apt to be more complete.

Table 2. Anion radii for different coordination numbers

Q2~ F_
"oN Radins, A ' CN Radius, A
I 1-35 (1-349 + 5) I 1-285 (1285 + 9)
I 1-36 (1-357 £ 10) o 129 (1-300+12)
v 1-38 (1-378 £ 4) o 131
VI 1-40 (1396 %+ 9) VI 133
VI 142

In the next step appropriate anion radii were sub-
tracted from average distances in cation-anion poly-
hedra. Approximately 1000 average interatomic dis-

tances in oxides and fluorides were taken from more
than 700 structure determinations. Values of radii for
the trivalent rare-earth ions determined in this way
agreed quite well with those of Templeton & Dauben
(1954). Since our method was similar to theirs, the
Templeton & Dauben values, quoted to three decimal
places, were used without revision. Since anion coordi-
nation is frequently not discussed in structure papers,
the following system (see also Holser, 1959) was used
to determine the proper values for a compound
PA,°B.EXy: pP+qQ=rR, where P and Q are the
CN’s of the cations and R is the CN of the anion.
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Table 1(b) lists, by ion according to CN and spin,
(where applicable) all the references from which data
were taken to construct Table 1. With most references,
the source of data is indicated by a chemical formula,
compound type, or radius plot (see below). Structure
determinations from 1930 through early 1968 were
covered in the literature search. In general, many quali-
tative judgements were made as to the weight given to
a particular interatomic distance. More recent struc-
ture determinations not involving film methods, those
reporting low R values, and those made on well-charac-
terized crystals were given the most weight. The set of
values thus obtained was considered to be a first
approximation.

The next step was to plot ionic volume, 73, vs. unit
cell volume, V, for more than 60 isotypic series. Ac-
cording to assumption 6 these plots should be linear.
Fig.1 shows the plot for the rutile MO, structure
(Shannon, 1968). This example is chosen because the
rutile structure covers a wide range of cation radii,

‘ d ‘ T oPb |
80 1
751 7
oSn
70 'O Nb _
Ta
w
O Mo
65— Os -
Pt—o Re
Ir
Ti 2SRu
Rh
60— =
ov
OCr
Mn
55 cef -
50 —1
OSi
1 I I 1 1
010 020 0-30 040 050
r3,A3

Fig.1. Cell volume vs. r3 for compounds with the rutile struc-
ture. Circles represent data from structure refinements, and
the horizontal lines are for compositions where only the cell
volumes are known (after Shannon, 1968).
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0:39-0-78 A, and unit-cell volumes are accurately
known. The radii were adjusted to provide linearity
and consistency with crystal structure data. The radii
were further adjusted to be consistent with both crys-
tallographic data and unit-cell volume data over those
structures containing common ions. A severe limita-
tion, however, was found to be the accuracy of many
reported cell dimensions. Numerous examples which
first appeared to deviate from linearity were found to
fall in line with other data after cell dimensions were
redetermined with least-squares refinement using
Guinier camera data.

No structure data are available for many ions. In
such cases, a reliable estimated value can often be ob-
tained from plots of radii vs. cell volume (Fig.1),
radii vs. oxidation state, and radii vs. electron confi-
guration (Figs.3 & 4). Examples of radii determined by
radii-volume plots are Ni** and Co3* LS [perovskite
(Shannon, 1967)], Rh4+, Pt4+, Re4t, Os4+, W4+, and Ta4+
[rutile (Rogers, Shannon, Sleight & Gillson, 1969)]
(Fig.1), and Rh3*+ [perovskites (Shannon, 1967) and
corundum (Prewitt, Shannon, Rogers & Sleight, to be
published)]. The accuracy of these values depends on
the accuracy of the cell dimensions and on the linearity
of the plot.

Plots of radii vs. CN (Fig.2) and radii vs. oxidation
state are generally found to be regular. This is consis-
tent with the equations given by Zachariasen (1931)
and Pauling (1927). Consequently, when the values of
radii as determined by structural data appeared to be
inconsistent with these regular curves, the sources of
data were investigated; if these appeared questionable,
the value of the radius was made consistent with the
radii plots and marked in Table 1(a) with an E, e.g.
Nb3+,

The variation in radii of the first-row transition metal
ions with the number of e; and t#,, electrons has been
discussed qualitatively by van Santen & van Wieringen
(1952), calculated theoretically by Hush & Pryce (1958),
and plotted experimentally by Liehr (1960), Knox
(1961), Blasse (1965), and Pearson (1968). Similar
plots were made for our data, Figs.3 and 4. By use of
these plots, hypothetical values of radii were deter-
mined for the low spin ions, Mn?*, Ni3t, Fe3+, Mn3+
and Co3*. Low-spin radii for Fe2+ and Co?* were taken
from radii vs. volume plots for the pyrite structure;
these radii were consistent with the above electron
configuration plots.

As a final step, the anion radii with CN II, III, IV,
VI, and VIII were recalculated using interatomic dis-
tances from the simple oxide structures and the final
refined set of cation radii. These values, given in paren-
theses in Table 2 with their estimated standard devi-
ations do not differ significantly from the original
values. It was not possible to calculate average values
for VIIIO2- because of the lack of examples. No cal-
culations for IVF~ or VIF~ were made because of a
problem with highly symmetric structures discussed in
another section.
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Results

Table 1(@) presents three sets of radii. The first is that
of Ahrens (A-IR). The second column contains crystal
radii as defined by Fumi & Tosi (CR). This column
was derived from column three but it is based on
r(VIF-)=1-19 A and an assumed difference between
six-coordinated oxygen and fluorine radii of 0-07 A as

EFFECTIVE IONIC RADII IN OXIDES AND FLUORIDES

was found for the ionic radii. The third column con-
tains the radii obtained in this work for various coordi-
nation numbers and spin states. Except for the radii of
S2-, Se?—, and Te?~, which are included in column one
and marked with P, Pauling’s radii are omitted because
Ahrens’ radii are taken from revised values of Pauling.
Eachrowin Table 1 (@) contains theion, the electron con-
figuration (EC), coordination number (Roman nume-

T T T T T T ] T T I 1 T T T I T T I T T T T
1-90- 1-60F -
1-80|- / 150~ 4
1701 Cs* 1-40 -
160 1-30 a
150+ Ti* » =

Rb* 1-20
1-40}- 110 -
K* Nat
1-30F 'Ag“‘ 1-00 -
//

r 120f / 090 :
110+ / 080 -
1-001 / 070 =
0901 / 060 4

/
080~ 7 060 -
X Li*
070 4 / 0401 N
BeZ+
060} 030k -
050+ 020+ -
1 1 1 1 ; 1 1 1 1 1 1 1 1 1 L 1 1 1 | 1
2 3 4 5 6 7 8 9 10 11 12 2 3 4 5 6 7 8 9 10 11 12
CN
(@) (b)

T T T T T T T T T T T T T T T T T 1 T T T T
1'50F 1-50- A
1-40F 1-40} 8
1-30 1-30} 4
1-20 1:20} .
110 110 / =
1-00~ 1-00 The+ / -

ya+
090 0901 Thé+ -
zr4§-

, 080- 080 /Hf“* 7
o070 s 0701 B

Fe3* HS
0-60- Ga>* 0'60[ Tid+ -
Al3* Crt
050+ /' 0'50F /Ge‘“ 8
040+ 040 Siet -
0'301 0-30f / =
B:H‘ L
0-20 020 4
010~ 0101 =
1 1 1 1 1 | 1 1 1 ! 1 | ] | ! 1 1 1
2 3 4 5 6 7 8 9 10 11 12 2 3 4 5 6 7 8 10 11 12
CN

(c)

(d)

Fig.2. ‘Effective’ ionic radius vs. CN for some common cations.
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ral), spin state (HS or LS), three values of ionic radii,
and finally a symbol giving some indication of the reli-
ability (7, E, R, *, or no symbol). The values indicated
by a question mark are considered doubtful because of
one or more reasons: uncertainty as to oxidation state,

100}

090

0'80r

070

060

2+

050} cq2* Ti2* N2t cu?t Zn®*

V& cr® Mn?t Fe? co
| L 1 { 1 1 1 L 1

1
0 T 2 3 4 5 6 7 8 9 10
NUMBER OF 3¢ ELECTRONS

Fig.3. ‘Effective’ ionic radius vs. number of 3d electrons for
divalent transition-metal ions.

080 T T T T T T T T T T

070}~ \ .

0, °
060+ \o\\ -
\u /
\ 5
o\/
050F s¢3* Tt V¥ er®t Mn®t Rt oot NPt Ga>*-

1 1 1 1 4 1 L 1 |

o] 1 2 3 4 5 6 7 8
NUMBER OF 30 ELECTRONS
Fig. 4. ‘Effective’ ionic radius vs. number of 3d electrons for
trivalent transition-metal ions.

-
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1.70 T T T T T
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[F¥}
(&]
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= 165
!
(]
2
=
]60 ] 1 | 1 1

I I Y ¥ Y YI VI
COORDINATION OF OXYGEN

Fig. 5. Si—O distance vs. oxygen coordination. The dashed line
represents the variation of Si-O distances reported by Smith
& Bailey (1963).
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CN, or composition of the compounds studied, or
deviation from radii vs. CN, or radii vs. valence plots.
The values estimated from radii vs. CN, radii vs.
oxidation state, or radii vs. electron configuration plots
are followed by the letter E. Values of radii taken from
radii vs. volume plots are marked by R. Finally, those
values for which at least 5 structural determinations
resulted in radii differing by no more than +0-01 A are
marked with an asterisk.

Although many different types of coordination
exist for a given CN, for simplicity we have chosen to
differentiate only the common types of four coordina-
tion: square planar (IVSQ), square pyramidal (IVPY),
and tetrahedral (IV).

Table 3 compares observed and calculated inter-
atomic distances in more than 100 compounds with
the use of radii from Zachariasen, Pauling, Ahrens,
and Table 1(a). The first three columns in Table 3 con-
tain calculated interatomic distances of Zachariasen,
Pauling, and Ahrens corrected for cation coordination
using the correction factors listed by Pauling (1960)
and Zachariasen (1931). The agreement between ob-
served and calculated distances is seen to be much im-
proved in most cases where CN of the cation and/or
anion is different from VI.

When the distances calculated from Table 1(a) differ
significantly from the observed distances, a reason for
the discrepancy can usually be found. One of these
reasons is that interatomic distances in highly sym-
metric structures are generally shorter than expected
and another is that it is often difficult to establish
exact coordination numbers for some ions. These
effects are discussed further in later sections of this
paper. Other reasons are that some radii are based on
insufficient data and/or that a structure solution and
refinement may be, to some degree, in error. In addition
there are undoubtedly some unexplained departures
from additivity which are reflected in deviations of the
order of +0-01 A.

Discussion

Change of anion radius with CN

Although the dependence of interatomic distance on
CN was noted by Goldschmidt (1927) and the idea of
increases of cation radii with CN has been mentioned
by several investigators (Pauling, 1927; Zachariasen,
1931; Geller, 1957; Sasvdri, 1960), the possibility that
anion radii may also depend upon CN appears to have
been considered by only a few authors (Slaughter,
1966; Jeffrey & Slaughter, 1963). The effect of CN on
anion radii is not great, but it is noticeable when com-
paring interatomic distances in structures containing
a series of M-O distances where the CN of O2- varies
(Tables 3 and 4). This is probably the principal cause of
the variations in Si—O distances noted by Smith &
Bailey (1963) in their survey of silicate structures.*

* This effect was recently discovered independently by Gibbs
& Brown (1968).
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Table 3. Comparison of observed and calculated interatomic distances in oxides and fluorides

R Rcalc

Compound Distance Zach, Paulinc;}\;rens 5&?P 5%. Year Compound __Distance = Zzach, Pauling Ahrens S & P % XYear
Agreo, 11005V - 2,36 2,40 2,05 2,06 68 KP VI Vi 2.66 2.69 2.66 2,71 2.673 63
AL,S105 T ML, 198 178 181 L75 177 63 Kdno, ‘i’xv‘ﬁ;gxo 2.90  2.83 282 2.8 289 67
Mo, :‘;u-:’o 178 L78 LB LTk L7k 66 Li N0, - .99 184 191 195 196 61
1,0, IVM‘IVO 1.90  1.90 1,91  1.91 1.91 62  L1AlO, IVM-IVO 1,99 1,84 1,91  1.97 2,00 65
L1A10, a1-To .78 1,78  1.81 1,77 1.76 65  LiGa0, 11-To 1.99  1.8%6 1,01 1.97 198 65
Lialo, VIV 1.9 1,9 Lol 1,93  1.90 66  L1,51,0 Ty I, 1.99  1.84 191  1.95 194 61
BeAL0, - .90 1.9 1,91 1,91 1,914 63  LiAl, VI VI 2.2 2,00 208 204 212 66
AR, VIp Tl .77 1.8 1,84 1,815 1,80 51  LiGao, AL PRLTS 2,12 2.00 2,08 2,14 2,4 65
“sz°5'5/3“2° e 5o -- 1,78 1,75 1,685 1,69 66 4P Vs Y2g 2,01 1.96 2.01 2.07 2,008 63
caB, 0, ;ilx-ﬁ_lo L35 138 140 138 137 66 LRy “L:.-E;; 2,00 1.95 2,01 2.025 2.08 67
caB,0, Iv’)s- o 1.35 138 140 .37  1.37 63  LiUFg “n-nr 2,01 1,96 2,01  2.06 2,055 66
LiBO, '3- T 42 LA47T 150 1.50 147 65 M0 LT 2.0 2,05 2,06 2.12 2,105 63
Y-HEO,, Tp M, Lhe 147 150 147 L4763 Mgsoythmo  Tug-TVo 2.10 2,05 2.06 2.0 2,076 62
18,05 TVp. 11T, L2 147 1,50 L8 146 65 MR, Vg Ty 1.98  2.00  1.99 2.02 1.992 56
Ba0 g0 2.76 2,75 2.7k 2.76 2.6 63  MeHPO,'3m0  'e-TTo 2,10 2,05 2,06 2,08 2.084 67
BaGeOy VIIlg, TV 2.8 2.8 2.80 2,80 2.785 62  MaMoOy VI HSy, TIT, - 2,20 2,20 2,18 2,164 65
BaF, VIIIBl_IVF 2,68 2.79 2.7h 2.73 2.69 63 MgghnOg Vlun-vo s 1.94 2.20 1.93 1,928 54
Ba(OH),*8H0 VIIL,, Vo 2.84 2,82 2.80 2,80 2,74 64 DyMn,0g T - 1.94 2.20 1,92 .92 67
BaGe, 0y Xpa-ITg 2,90 2.88 2,84 2,88 2,96 66 Ma0, VoI -~ 2,06 2,10 2,01 2.011 67
Baso XIg, TVo 2,96 2,94 2,89 2,98 2,95 63 ZngMos0 A T - 2,06 2,10 2,02 2.02 66

4 . . . 308

Bag(P0y), XTge Vo 2,96 2.9% 2,89 2,99 3.01 48  MMooy oMo 1.82 1,94 1.9 178 1763 65
¥, BeO, IILBe-Ivo 1,55 1.47 1,51 1.55 1,55 67 PoMoOy IVMo—nIo 1.82 1.94 1.92 1,78 1.772 65
BeO W Mo 1,63 1.57 161  1.65 1.6h9 64  NaP Ao TRSY 2,31 231 230 2,35 231 63
Lt BeF, Mee.TTTp 153 1.53 LS4 157  L.554 66 NeoSiFg :’m-:'% 231 231 230 2,32 232 64
B4,S1,0,, :Iai-:i:o = 2,36 2,38 2385 66  NaHoO Im-no 2.4 2,35 2,37 240 2.4 65
B1Ge0, n’}g- To = 2.3  2.38  2.35 64 Nn0 :IIm:-ng 2,00 2,10 2,09 1.99 1.99 6k
ca,510, o 2.50 2.47 2,48 2.50  2.515 64 GeNbOy w- %o 2,00 2,10 2,09 2,00 2,031 65
cavo,, ca-To 2,50 247 248 248 2,461 65  LiNbog i TVo 2.00 2.0 2,09 2.02 2,00 66
caB,0, VIIIoe T5 2,50 247 2,48 2.48 2,505 63  NiF, Vi Tp - 2,08 2,08 2,00 2,00 58
caF, VMg Wp 2034 243 240 243 237 63 Nisop6m0 ow-To - 232 2,09 2.06 2,06 66
Caso, VI Ty 250 2,48 2.8 2.8 2,46 63 BagNiFg Iy Vr -~ 2,08 2,02 2,02 2,01 67
caso, Ivc«i-no -— 2,28 2,28 2,19 2,168 63 Pboz' Vi, I, - 2.24 2.24 2.135 2.16 47
cao VZoa."To -~ 237 2,37  2.35 2,348 63 R0, VeI - 2,03 2,07 1.98 1.97L 66
ca¥a0, VoI, -~ 2,37 2,37 231 2,31 67 Lisbi, gy I1p -- 1,98 1.95 1.895 1.88 62
cero, :iI:Ige-Iiio s 257 253 2.50 2,50 50 Sb0, :IIsr;-ﬁo -- 2,02 2,02 1.96 1.97 &b
CoF, - HSCO-IIiF -- 210 2,05  2.035 2.04 58  KySbe0p, M -~ 2,02 2,02 1.99 1,984 66
ColtoO, co-"o  -- 24 232 2,095 2.08 65 Sey0, se-TV0 2,06 2,21 2.2l 221 2,11 67
o0 VI HSg, VI, - 2.4 202 2,135 2,133 63 Scy(WOy), Vg, 2,16 2.21 2,21 2,08 2,063 66
or,0y :Ilcr-;:o - 2,09 2,03 1995 1.99 62  CaSc0, ZSc-:o 2,06 2,21 2,21 232 212 65
or 0, oo -~ 2.09  2.03 1965 1.97 65  ScF, e En 2,00 217 21% 2,015 201 51
orfy Ivcr-xg' ~ 205 1.96 190 1.90 60 ScBoy e o 2,26 2,28 2,29 2.23 2,23 56
PbCTO, er-11%0 .65 182 1.82 1.66 1.65 65 S0, s1-To 1.63 171 172 1.61 1607 66
mc:-so8 iVCr-HIo 1,65 1,82 1.82 1.66 1.65 67 KA151308 Ir::sa-;jxo 1.63 1.71 1.72 1.62 1.61 64
CuFe0, Teu-To -- 2,01 2.10 1,84 1.83 68 CapyS10y, s1-""0 1.63 1.7L 1.72 1.6% 1.64 €5
bype 0, ayTo .. 2.3  2.40 240 65 S0, VMo 1,73 181 182 175 1768 66
Bug0y To - 23 238 235 2.3%0 66 KSiE, VIgyTVp 1.60 L7775  L71 L7062
Peo Vige. V1o - c26 2.4 2,07 2,155 63 NeySiFg VI Mg 1.60 177 1.75 1,70  1.695 6k
FeHo,, VIpe 11T, -~ 226 24 213  2.008 67  (NH),SFg L s1-1F 1.60  1.97 1.75 1.685 1.674 56
Fe, 810, VTpe-T% .- 2.16 2.4 2,15 2.172 65  sno, VIs:n-;no = 2,11 2,11 2.05 2,053 56
FeGe (OH)g :Ivre-;lfo -- 2,16 2,14 2,12 2,13 61  SoFy g?’x" I;v -- 2,07 2,04 1,975 2.4 62
Y Fe 0 Tre-T0 - 1,9 1.9% 1.88 1,88 62 SrF, THseDp 24 256 2.5 2,56 251 63
NegFe 0y Fe-""0 - 194 1,94 1,88 1,867 67 Tip04 T1-7'0 - 2,16 2,16 2.05 2,040 62
Fey04 VTpe- Vo -~ 208 2,04 2,025 2,030 66 MFy gy g -- 2.2 2,09  1.955 1.97 56
FeP, VIpe Iy - 200 197 1.93 1.92 57 TiO, Vg I, 1.96 2,08 2,08 1.965 1.959 56
Gaxbo,, gca-gfo -~ 2,02 2,02 198 1,99 65 ErgT 0, :Im-yo 1.96 2,08 2.08  1.985 1.955 65
a-Ga,0, M -- 2,020 2,02 200 2,00 65 NagTig0; VII?EVO 1.96 2,08 2,08 1,995 1.99 61
Y308.0, a0 - 2,02 2,02 1,980 1.995 65 V04 - - 2% 23k 2,02 2,01 62
Gar, VIGE_I;I; - 198 1,95 1.905 1.89 59 VO, gv-nzo -- 2,00 2.03 1.95 1.937 56
Bn(‘azuog VIGbIIID - 1.93 1,93 1.900 1,877 66 CdyVaOp v I:-IIIO 1.77 1.89 1.89 1.715 1.717 67
Ne,Be 0, e o - 193 1.93 1.910 1.907 63  FeWoy o - 2,02 1.9% 1.4 67
1n,05 M -~ 221 221 217 218 66 Wog W-Ivo - 2,02 1.93 1.927 66
caln 0y 1-'0 - 281 221 218 2,157 61 Y04 ZIIY- ngp 2.32  2.33 232 2.2 2.27 62
In0, 21,0 ::m-wo - 221 221 214 236 61 zuF, e -~ 2,0 2,07 2,045 2,03 58
Ca Ir0, Ir=""0 - 2.04 2.08 2,01 2.01 66 2r0, 2r-""0 2,21 2,26 2,26 2,22 2,26 62
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Fig.5 shows how the average Si-O distance would vary
with average oxygen coordination in silicates although
most silicates fall in the range TO-1VO as indicated by
the dashed line which is taken from the Smith & Bailey
work.

The change in anion radii with CN is much smaller
in magnitude [r(VI02-)—r(1102-)=0-05 A] than the
change in radii with cation CN [(VIIICd2+) — r(1VCd2t)

=0-26 A; r(VIIMg2+) — r(IVMg2+)=0-41 A]. One ex-
planation for this effect involves electronic polariza-
bilities of cations and anions. Intuitively, one might
expect the change in radius of an ion with CN to be
roughly proportional to its electronic polarizability.
A comparison of cation and anion polarizabilities
from various sources made by Tessman, Kahn &
Shockley (1953) shows generally that polarizabilities of

Table 4. Comparison of observed and calculated interatomic distances in oxides
and fluorides with varying coordination

Distance CN of 05 Compound Robs, Roalc,
Ta1-0 11 L1A1S10;0 17200 1,74
ALPOy 1.739 .
III KA1S140g (microcline) 1.741 1.75
NaAlS130g (low albite) 1.737 ¢
A1,8105 (stllimanite) 1770 "
™ L1A10, 1761 1.77
VIz0 11 NeA1 (S04) " 12Hz0 1.881  1.88
C8AL(S0y) 5" 12Hp0 1.882 v
111 15105 (kyanite) 1.905  1.89
v Mg,A1,5150, 1.886 1.9
A1,0, .91 1.9
VI Lmlo2 1.90 1.93
VZza-0 11 30d50y,*8H,0 2.30 2,30
11 Cd,Vp07 2,31 2.3
vI cao 2,348 2.35
VIge®* o 1 Cos0y 2,07 2,085
111 CoMoOy, 2.082 2,095
CO(NHQ)Q(SOR)Q'sﬁQO 2,094 "
vI Co0 2133 2.135
Vi o 1x erg0yp 1972 1.965
11 KCry0p5 1.97  1.975
HCru, 1979 "
v Cr,03 1.99 1.995
Vg o 111 Feli0,, 2.106  2.13
FeGe (OH)g 2.14 "
v FeSiFg* 6Hp0 2.140 2.15
FepS10y 2.172 L
vI Feo 2,155  2.170
VIge¥ .o 11z Gatvboy 1.997  1.98
B-Gay0y 2,00 o
R a-Gay03 2,00 2,00
vI 116a0p 2.00 2.0
Nge-0 od Ge0, 1739 L.75
11 BaGey0g 1.7 1.76
Na,0° G0, 6,0 1769 "
NaGSnuGe 10030(0H) i 1.752 *
k% Bageo, 1.785 1,78
InPo 1o N180y 61,0 2,063  2.06
NiWOy 2.08 "
vI N10 2,084 2,08
Te*to 1 MoFO,, 1.528 1.5
A1POy 1.515 "
P05 1.54 "
11z NepHaPldy 1502 1.53
NaPOsiHy 1.528 "

A C25B-9*

Distance  CN of 0°- Compound kb_sL cale,
VIsen0 1T Sep(WOY)4 2.063  2.08
E50¢ ¥=ScOOH 2.10 2,09
SC(OH)3 2,08 "
v Sep0q 2.11 2.11
v case,0y 2,122 2.12
vI KSco, 2.12 2.13
L1ScO, 2.11 g
RbSc0, 2,12 &
Tss-0 I 510, (quartz) 1.607  1.610
810, (low cristobalite) 1.605 &
510, (coesite) 1.613 L
AL,5104 (sillimanite) 1.615 L
L1A181),0;0 1,609 ¥
III 5c,51,0, 1.622 1.620
Zrs10y, 1.612 L
A18105 (kyanite) 1.628 n
A1,8105 (andalusite) 1,629 R
ZnyMn(OH) 510 1.626 5
A1BeS10y0H 1.625 "
NeA1S130g 1,618 u
KA151308 1.612 u
L1,8105 1.631 u
CapNaHS1 100 1.630 #
CaMnS1,0¢ 1,623 "
v ¥-Cap510y 1.644 1,640
Mg,510), 1,625 n
MgFeS10y 1.638 ?
Fe,S10), 1.634 "
Caghla(5104)3 1,649 .
Mg3h1,8130, 5 1.635 "
Vigsp I (Hy ) pS4Fg 1.674  1.685
[Co(NH3)5CL]S1Fg 1.664 B
III Na,S1iFg 1,695  l.700
v K3S1F; 1.70 1.710
(NHy,)381Fy 1.70 ¥
VIp¥e 11 Na,T140;3 1.957  1.955
Rb,T16019 1.983 v
III ThT1,0g 1.970  1.965
T10, 1.959 "
v NiT105 1.99 1.985
MnT10, 1.99 ¥
BaT1y0g 1.98 .
v Ne,Ti30, 1.992 1,995
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anions are larger than those of most cations, in distinct
contrast to the relative change in anion and cation
radii with CN. However, Ruffa (1964) has shown in
TiO, and other compounds with high Madelung po-
tentials that the polarizability of the cation may be
considerably greater than that of the anion. Thus, the
possibility still exists that there may be some correlation
between change in radius with CN and polarizability.

An alternative explanation for this effect depends on
the anion-anion repulsive forces described by Pauling
(1928). In most of the oxides for which reliable radii
have been determined, the cation/anion radius ratio,
0, is considerably less than 1. When this condition
holds, anion-anion forces can be large. As ¢ becomes
small and as the anion CN diminishes from VI to II,
the nearest neighbor anion interactions become more
important. The increase in anion—anion forces prevents
the anion from deforming as much as might be expected
from polarizability considerations. The cations in such
structures, however, cannot approach each other closely
and cation—cation repulsion is probably less than anion—
anion forces. Consequently, the cation is easily able to
expand into the void between the anions — thus shorten-
ing considerably the cation-anion distance.

Absolute values of radii

The question of absolute values for anion and cation
radii is still not resolved. Although it has been possible
to devise sets of radii which are almost additive, the
values of anionic radii have been determined by approx-
imate methods. This question of the relative sizes of
anion and cation radii is very important because it
determines the physical picture we have of ionic solids.
Traditionally this has been a picture of anion-close-
packed solids.

Values of anion radii have been chosen from: (1)
molar refractivities of salts in solution (Wasastjerna,
1923); (2) anion-anion distances in close-packed solids
(Bragg & West, 1927); (3) Born repulsive coefficients
determined from isothermal compressibilities and
thermal expansion coefficients (Fumi & Tosi, 1964)
and (4) electron density distribution in alkali halides
(Witte & Wolfel, 1955; Schoknecht, 1957; and Meisalo
& Inkinen, 1967). The traditional sets of radii were
based on (1) and (2). The first values of ionic radii were
determined by Wasastjerna who used the ratio of the
cube root of the molar refractivities of the free ions to
determine r,:r, in the alkali halides. He arrived at
r(VIF-)=1:33 A and r(V10?-)=1-32 A. Bragg & West
noted that observed O-O distances in silicates were
roughly 2:7A and concluded that r(02-)=1-35A.
Used with available sets of interatomic distances in
common oxides, these values led to small r¢:ry and
resulted in the concept of anion close-packed oxides.
Many solid state phenomena such as diffusion, mechan-
ical deformation, kinetics of transformations, and
solid state reactions have been interpreted on this basis.

More recent evidence, however, indicates that the
ratio r.:r, may be considerably larger than indicated by
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the traditional sets of radii. Comparative calculations
of wave functions of free ions and ions in a crystal by
Petrashen, Abarenkov & Kristofel (1960) showed a
tightening of electroncloudsin anionsand arelaxation of
cation electrons in solids. Analysis of electron density
distributions in NaCl (Witte & Wolfel, 1955), LiF
(Krug, Witte & Wolfel, 1955) and KBr (Meisalo & In-
kinen, 1967), indicated anion radii and cation radii
smaller and larger respectively than traditional ionic
radii. Fumi & Tosi on the basis of calculations of Born
repulsive parameters from compressibility and thermal
expansion data present convincing evidence that r¢:r,
is larger than in the traditional sets of radii. They found
r(VIF-)=1:15-1-20 A with an estimated error of 0-05 A.
Assuming a constant difference of #(V102-) —r(VIF-)=
007 A, then r(V102-)=1-22-1-27 A. These values are
more in agreement with the shortest nonbonding O-O
distances in many oxides. As shown in Table 5 these
range from 2:15 A in the NaNOs structure to greater
than 3 A in the antifluorite structures. Perhaps the
most surprising distance in this group is that of the
2:16 A shared edges of the SiOy octahedra in the rutile
form of SiO, (stishovite). Although extremely high
pressure must be used to synthesize stishovite, it is
difficult to reconcile this short O-O distance with an
r(II02-)=1-36 A, especially since Fig.1 shows there is
nothing unusual about the cell volume of stishovite.
Furthermore, with smaller anions one is not forced to
assume negative radii for ™C4+ in the carbonate ion
and IINS+ in the nitrate ion. Although there is intrin-
sically no objection to negative radii so long as one does
not assume a hard sphere model, it is esthetically more
pleasing to have positive radii. However, even with
Fumi & Tosi’s crystal radii it is not possible to achieve
a complete set of positive radii. The O~H and F-H dis-
tances in hydrogen-bonded compounds result in nega-
tive radii of —0-04 and —0-24 A for TH+ and IH*.
Although the value for (ITH™) falls within the estimated
error of the crystal radii and would still allow a com-
pletely positive set of radii, this is not possible for
TH+. One is forced to the interpretation that an IH+-O
bond results in a highly deformed oxygen ion in which
the proton penetrates the electron cloud of the oxygen
ion. On the basis of the above considerations, the

Table 5. Shortest oxygen—oxygen distances in some
simple oxides

Compound Structure type 0-0
NaNO; calcite 2115 A
SiO, rutile 2-16
CaCO; calcite 2:22
Al:SiOs andalusite 2:25
B,0(0) B,04(1D) 236
S50 S50 2:37
B,05(D) B,03(D) 2:38
Al O3 corundum 2:52
SiO; quartz 2:60
BeO wurtzite 270
MgO rocksalt 2-98
Li,O antifluorite 327
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Fumi & Tosi crystal radii (CR) are probably more
satisfactory than the traditional sets of radii.

Pauling (1928) noted a correlation between radius
ratios and the relative stability of certain structures.
Values of ¢ for structures with tetrahedral cation co-
ordination were generally of the order of 0-2-0-4 where-
as values of g for octahedral cation coordination were
of the order of 0-4-0-7. There were exceptions, but in
general the radius ratio was found to provide some indi-
cation of the type of prevalent coordination of anions
about the cation in ionic crystals. Phillips & Williams
(1965) noted that the critical radius ratios were not
satisfactory in predicting CN changes but their analysis
involved highly covalent rather than ionic crystals.

It is clear that any new set of radii should provide a
correlation between radius ratios and CN at least as
satisfactory as Pauling’s table of ionic radii. Table 6
gives values of g calculated by mcans of an average
radius of 1:38 A for oxygen for numerous cations with
CN 1II, IV, VI, and VIII. As long as ¢ falls within
+0-02 of the limits defined by Pauling (1960) the
radius ratio is in boldface. It will be noted that values
of g calculated from ionic radii (IR) do not fall within
the expected limits for most of the small ions, e.g.
VIA[3+, VIAgS+ IIB3+ IVBR3+ IVG6+ IVSja+ and VISist
whereas values of ¢ calculated from crystal radii (CR)
give poor agreement for IVGa3+t, IVLi+, VIMn2+,
VZn2+, and IVMoS+. Since ions with strong covalent
mixing (Ga3t and Zn?t) prefer four coordination via
sp? hybridization, even though ¢ > 0-414, it is felt that
crystal radii predicts CN on the basis of radius ratio
as well as effective ionic radii.

Perhaps the most important conclusion to be drawn
from the above arguments is that specific values from
this or any other set of radii should not be used too
rigidly to derive a physical picture of ionic solids.
Currently available information on electron density
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distributions in solids is not sufficient to establish ab-
solute values of radii. Furthermore, if one assumes
that the radius of an ion, say oxygen, is the distance
from the oxygen nucleus to the minimum in electron
density between the oxygen ion and a cation, this radius
may vary depending on the type of cation, i.e. on the
covalency of the bond. If, however, the crystal radii in
Table 1(q) are more accurate than the ionic radii, cer-
tain concepts of the structures of ionic solids are no
longer valid. For example, oxides should not be thought
of as close-packed arrangements of anion spheres whose
interstices are partly filled with cations. Instead, the
cation-anion bonds should be considered as the im-
portant factors determining crystal structure and close-
packed anion arrangements as merely the result of the
structure attaining a lowest-energy configuration.

Interatomic distances in highly symmetric oxides and
fuorides

Agreement between observed and calculated dis-
tances from Table 1(a) over a wide variety of compounds
with varying cation and anion coordination was shown
to be quite good. However, the compounds with rock-
salt, fluorite, and perovskite structures show rather
poor agreement (Table 7). A possible source of error
could be the cation radii. However, the value of
r(VIICa2+) taken from more than 15 Ca-O distances
which agree to within 0-02 A results in Reale — Robs =
0-06 A for CaF,. Therefore, it is felt that the lack of
agreement of interatomic distances between symmetric
and unsymmetric structures is significant. The effect
appears to be greater for the fluorides than for oxides
and greater for smaller cations than for larger cations.
The smaller observed interatomic distances are quali-
tatively explained by minimization of anion-anion
repulsive forces. The regular polyhedra result in the
maximum distances between all cations and anions and,

Table 6. Radius ratios for oxides

Ion CN IR CR
A+ v 0-28 0-42
\4! 0-38 0-54

AsS* v 0-24 0-38
VI 0-36 0-52

B3+ IIL 0-02 0-12
v 0-09 0-21

Be2+ IT1 0-12 0-25
v 0-20 0-33

Ca2+ VIII 0-81 1-01
Cedt VIII 0-70 0-90
Co2+ A2 0-53 0-71
Cr3+ VI 0-44 0-61
Fe2+ VI 0-56 0-73
Feld+ v 0-36 0:52
VI 0-47 0-63

Ga3+ v 0-34 0-49
VI 0-45 0-61

Gedt v 0-29 0-44
\'2! 0-39 0-55

In3* VI 0-57 075
Li* Iv 0-43 0-59
VI 0-54 071

Ton CN IR CR
Mg2+ VI 0-52 0-69
Mnz+ Vi 0-59 079
Mo6+ v 0-30 0-45

Vi 0-43 0-60
Nij2+ VI 0-51 0-66
ps+ v 012 0-25
Se6+ v 009 0-21
Se3+ VI 0-53 0-70
Sid+ Iv 0-19 0-32
VI 0-30 0-43
Sn4+ VI 0-50 0-67
Ti4* Vi 0-44 0-60
W+ v 0-30 0-44
VI 0-42 0-58
Y3+ vl 0-65 0-83
VIII 074 0-93
ZnZt v 0-43 0-60
VI 0-54 0-71
Zra+ VI 0-52 0-69
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therefore, the least repulsion interactions. The greater
polarizabilities of the oxide ion and larger cations
result in deformation of these ions into voids and con-
sequent reductions in repulsive effects.

Table 7 (cont.)

Table 7. Calculated and observed interatomic distances

in highly symmetric oxides and fluorides

Rocksalt
MO Roa1e™©  RopsM—© AR
VI-VI
NiO 2:10 2-084 0016
MgO 2:12 2:105 0015
CoO 2-135 2-133 0-002
FeO 2:17 2:155 0-015
MnQO 2:22 2:222 —0-002
Cdo 2:35 2:348 +0-002
Ca0 2-40 2:405 —0-005
SrO 2:56 2:58 —-0:02
BaO 276 2:762 —0002
MF
VI-VI
LiF 2:07 2-:008 0-062
NaF 2:35 2:31 0-04
AgF 2-48 2:46 0-02
KF 271 2:673 0037
CsF 3-:03 3-00 0:03
Fluorite
MO,
VIII-IV
CeO, 2-35 2-34 0-01
U0, 2-38 2-37 0-01
ThO, 2-44 242 0-02
MF,
VII-IV
CdF, 2-38 2:333 0:053
CaF, 243 2:37 0-06
HgF; 2:45 2:40 0-05
SrF, 2:56 2:51 005
BaF, 273 2-69 0-04
MBO; Perovskite
VI-VI orX II-VI
BaCeO; 225 2-198 0-052
SrCe0;, 2:25 2:135 0-115
CeCrO; 2:015 1-933 0-082
KNbO; 3-00 2-84 . 016
KNbO3 2:04 2:011 0-029
BaMoO3; 2:05 202 0-03
SrMoO; 2:05 1-987 0063
BaPbOj 21758 2:136 0-039
BaSnO, 2:09 2:058 0:032
CaSnO; 2:09 1-96 013
SrSn0; 2-09 2:016 0-074
BaZrO; 2:12 2-096 0-024
SrZrO;3 2:12 2:05 0-07
MBF;
VI-VI or XII-VI
KCoF; 2:065 2:035 0-030
RbCoF;3 2-065 2-03 0-035
TICoF}; 2:065 2:064 0-001
CsMnF; 2:15 2:13 0-02
CsMnF; 325 3-13 0-12
KFcF; 2:10 2:06 0-04

Rca1c™-9  RopsM—© AR
RbFeF; 210 2:087 0-013
KMgF; 205 1-986 0-064
KMnF; 2:15 2:095 0-055
KNiF; 2:03 2:006 0-024
CsPbF; 2:51 2:405 0-105
KZnF; 2:075 2:027 0-048
AgZnF; 2-:075 199 0-085

Unusual and irregular coordination

When the distances in polyhedra are almost equal,
it is easy to determine the coordination. In this case
there is usually a clear cut-off point for which periphe-
ral anions may be considered as bonded to the central
atom. However, in many cases there is a gradual in-
crease in near-neighbor distances up to very large inter-
atomic distances for the large alkali and alkaline earth
ions in network structures such as silicates; consequent-
ly, the CN of these ions is frequently uncertain. The
curves of radii vs. CN reflect this uncertainty [Figs. 2(a)
and 2(b)]. For the purposes of this paper a break of
0:02-0-05 A was sought as the cut-off point in the
interatomic distances. When there was no such break,
the distances were tabulated as questionable values. It
seems likely that the slopes of radii vs. CN plots should
be regular. The deviation from regularity is particularly
noticeable for Nat, Agt, K+, Cs*, Pb2t, Sr2t, and
Ba2+. The lack of regularity is attributed either to an
insufficient number of examples of a particular coor-
dination and/or to the difficulty in determining the CN.

Several other groups of ions exhibit irregular coor-
dination which frequently does not result in consistent
interatomic distances. Also, the radii derived from
these distances do not fall on the regular curves of
radii vs. CN. These are the ions with the following
electron configurations:

d*—Mn3+HS, Cr2tHS
dB_Ag3+’ Au3+, Pd2+’ Pt2+

ds '—Cu2+, Ag2+

le_Ag-l-, Au+, Hg2+’ Cu+
sZ_As3+’ Sb3+, Bi3+’ Pb2+’ Ted+

A detailed discussion of the stereochemistry of d4, d8,
d%, and d'° jons is given by Orgel (1960). Ions with d8
configuration frequently occur in square planar coor-
dination. This coordination is usually clearly recog-
nized, e.g. PAO, AuF;. The ions with 44 and d° con-
figurations have the familiar Jahn-Teller distortion
exemplified by Cu?*. These ions are characterized by
four ligands at one distance and two ligands at a dif-
ferent distance, either closer or further away. When the
difference is slight, the coordination is pseudo-octahe-
dral; when the difference is large, square-planar or
two-coordinated structures result. In the cupric oxides
and fluorides the distances of the fifth and sixth neigh-
bors range from just slightly larger than the other four
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to distances almost outside the bonding sphere. In the
case of cupric compounds we have calculated the aver-
age distance of all six neighbors for octahedral coordi-
nation and the four near neighbors for square-planar
coordination and have listed the radii in Table I as
both IVSQ and VI.

Tons with the 410 configuration have been observed
with linear two coordination. Orgel has related this
behavior to the small separation in energy of the
d10 and d% states and predicts linear coordination of
Cut, Ag*, Au*, and Hg?*. Two-coordinated radii are
tabulated for Cu*, Ag*, and Hg?*.

Another group represents the ions with a lone pair
of electrons: As3*, Sb3t, Bi3*, Pb2*, and Te*+, The
oxides formed with these ions are considered to be
highly covalent. For example in PbO the lone pairacts as
a ligand and results in a coordination of four neighbors
in a plane on one side of the Pb2* ion and the lone pair
on the other side at the apex of the pyramid. This con-
figuration has been designated in Table 1(@) as IVPY.

Summary

The goal of this work has been to provide radii which
will be useful to anyone interested in the structures of
oxides and fluorides. The set of empirical radii derived
here is primarily intended to be used in calculating
expected interatomic distances in oxide and fluoride
crystal structures. Although the absolute values of radii
were considered, one cannot reliably assign specific
numbers to specific ions. Certain effects such as anion-
anion repulsion, irregular coordination, and metal-
metal bonding cause deviations from predicted inter-
atomic distances wich have been largely ignored be-
cause these effects are difficult to include in a simple
table of radii. These ‘high-order’ effects probably are
of greater importance in structures with larger anions
than in those containing oxide or fluoride ions and
must be left to future work.

Note added in proof: —~ Prof. B. Reuter, who has just
completed a refinement of the structure of the ordered
spinel, MgV,0,, has suggested a value of r(IYMg?*)
=0-58 A. Because the original value of 0-49 A came
from a single structure refinement and because this new
value is more consistent with Fig. 2(b), the new value
is preferred.

We would like to acknowledge the interest of Pro-
fessor M.J. Buerger whose encouragement in the early
stages of this work provided much of the incentive for
its completion. We would also like to thank Professors
W.H.Baur and A.Pabst for critically reviewing the
manuscript prior to publication.
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Stereochemistry and Crystal Structure of a Cobalt(I1I) Sulphito Complex:
trans-Sulphiteisothiocyanate-bis(ethylenediamine)cobalt(I1I) Dihydrate

By S.BAGGIO AND L. N.BECKA

Fuacultad de Ciencias Exactas, Universidad de Buenos Aires and Facultad de Ciencias,
Universidad Central de Venezuela, Caracas, Venezuela®

(Received 14 May 1968)

The crystal structure of Co(en)>SO;NCS.2H>0 has been determined from three-dimensional X-ray
data and refined by the full-matrix least-squares method to a residual of 0-078. The compound crystal-
lizes in the monoclinic system, space group P2;/c with four molecules in the unit cell of dimensions
a=913+002, b=659+0-02, ¢=22-88+0-06 A, f=95-5+0-5°. The coordination around the metal
atom is octahedral, the sulphito group being bonded through sulphur to the metal and in trans configura-
tion. The Co-N(NCS) distance is not significantly different from the Co—-N(en) distances. Some impor-

tant dimensions are: Co-S, 2-203+0-006
0-012

Introduction

Recently, the infrared and visible absorption spectra
of a series of sulphito-bis(ethylenediamine)cobalt(III)
complexes were measured by Baldwin (1961). These
spectra, together with measurements of conductivity in
aqueous solution and a study of chemical reactions,
were interpreted by Baldwin in terms of possible struc-
tures for these complexes. For Co(en),SO;NCS.2H,0
it was postulated that the sulphito group is bonded
through sulphur, the bond possibly involving drn—dn
bonding, and that the compound had the cis configura-
tion. Kinetic studies of sulphito complexes of Co!
have also been made recently, indicating that the sul-
phito group has a marked #rans labilizing effect (Tewari,
Gaver, Wilcox & Wilmarth, 1967).

We undertook the structure determination of this
compound in order to establish whether the postulated
structure was correct, and, if so, to compare the di-
mensions of the sulphito group coordinated to Colll,
with the dimensions found for this group in
PdSO:(NH;); (Spinnler & Becka, 1967). Furthermore,
we considered that a comparison between the different
Co-N distances in this compound would be of interest

* Present address.

A; mean Co-N(en), 1-962+0-010 A; mean S-O, 1485+
A mean O-S-0, 110-3+0-7°; Co-N(NCS), 1:974 +0-018 A.

in relation to the kinetics of reaction of sulphito com-
plexes. In an earlier communication (Baggio & Becka,
1967) we described the main features of the structure
as obtained from least-squares refinement with indi-
vidual isotropic temperature factors. In this paper we
give the details of the structure and structure deter-
mination with individual anisotropic temperature fac-
tors for Co, the atoms of SO;, and the atoms of NCS.

Experimental

Preparation

Co(en),SO;NCS.2H,0 was prepared by the method
reported by Baldwin (1961), and crystals suitable for
X-ray studies were obtained by recrystallization. The
chemical and physical properties of the sample were
in good agreement with those reported previously.
Chemical analysis of a sample gave the following per-
centage composition for C, N and H: C, 17-37; N,
19-21; H, 5-75, the theoretical composition being:
C, 16:59; N, 19-83; H, 5-66.

Crystal data

Name of substance: frans-sulphiteisothiocyanate-
bis(ethylenediamine)cobalt(IlI) dihydrate. Chemical
formulae: structural, Co(en),SO,;NCS.2H,0; alpha-





